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and Robert Reed of the J e t  Propulrion Laboratory ware the Project Engi~ieera. 
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1 . Jn treduc t ioq  

Tho high rpeed d i g i t a l  copputor h r  boon an i n c r u r i n g l y  pepular tool 

f e r  r t ruc tu ra l  a ru ly r i r ,  A multitud. of p r o g r u r  h.r boon genoratod to 

handlo ra~all-dofloation boh.vfot prodic t ion fo r  rpocial i rod c la rsor  of  

s t ructuror  rush 88 rttwm.., framer, and rho110 of  rymnotric fo* and 

loading, Many of  thoro p r e g r u r  a ro  highly o f f i c ion t  packagor i n  toma of 

e c e n o ~ ~ i c a l l y  producing the &sit4 r e ru l  tr . On tho other  hand, bocauro thoy 

a r o  opecial1rod, th. a t u l y r t  muot.bec.ao familiar with a var t  array of them, 

o r  writ. hir ewa program, unlerr the rcopo of  hir wok i r  parochial. Tho 

one o r  two program which o x i r t  which aro  ru f f i c i en t ly  genoral b v o  l imitod 

f l e x i b i l i t y  and troat problom of l k i t o d  rim. The f i r r t  r e r t r i c t i o n  i r  

important bocauro i t  l ipitr  tho ure of tho program and c(#pplicator data 

handling. Thr rocmd reatr iot ion i r  r ign i f icant  bmcartro tho po r r i r ton t  

trend in c&uter app1Lcritfori 10 to continual1y iacruro problom r i g o r  

bocauro coat pot caloulationr aro docroaring and bottor  a ~ l y r o r  be- 

j u s  t i f  iablo . 
Tho Structural  An&lyrir Syrtem i r  being dwolapod to rlmplify 

outomntod r t r u ~ t u r a l  analyrir and to ol ip ina te  reprogr.lllloing f o r  p r o b l u  

changor. Thoro two objoctivmr aro, to swo oxtont, in confl ic t .  They aro 

r o c o ~ c i l o d  by cheering tha following programming concoptr: 

1. Wherovor porriblo,  rmn&rdiro. Thir i o  achieved in  tho 

program for  output f0'iPOt.S mort input formato, o r ror  
\ 

handling, u p 0  hurdling and f.rut8, and rterag0 arrignmont. 

2, Providr  a modular program. Thir i r  achiowd by dividing tha 

calculation intm a ntmbot of tarkr which can bo porformod in tho 

roq&nco rpecifiod by tho alurlyrt. A ring10 intol l iganco 

ryetam i r  urod, Thio approach f m c i l i u u e  adding o r  romuving 

I 

-&10# hwr th. 
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3, Program for  fntormodirto r i r o  p r o b l a r ,  Thio i r  rrchioved by 

providing for th. -0 of tapor for data and program r toram. 

To mako t h i r  oporatb~  o f f i c i a t t ,  tap0 a u r c h  i r  avoided 

wherovor perr iblo,  
\ 

Thio roport doacribor i n  gmoral  and i n  dotail how calculat ienr  are 

directed and how data mart bo prop8r.d for tho Structural  Arrcrlyrir Syetom 

(SAS). ) I . t O r h l  i o  erganired in mix roctionr. Ita tho f i r r t  roction a 

general &rcr ipt ion of tho ryrtom, its com~ponantr and flow are included. 

Tha recond roction dircurror tho p r o g r u  control, Tho t h i rd  ract ioa 

darcribor tho proub-inrtructionr.  ' Tho fourth rect ion dorcribor tho 

operatfon rubpregramr, tho i r  data k ~ t r  and uram. Th. f i f t h  8ection 

&scribes tho BIU operation rubrouthmr which, bacauro of  thir numbar 

input dam. t . '  

I 
. a  

. .  
, b 

. . .  
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2, Structural  Analvrfr S~rtenr Charactorfrtfco 

In th f r  roctfen aro dercrfbad tho rcopo of tho program, general 

infermatfen, and tho baric concepts on which the program i o  bared. Dotailod 

description of  program componontr are 1nclub.d In o t b r  rocttons. 

2.0 Oonoral hlpOCt8 

Tho pr fmry  objoctiva of thfr  program i r  to a u t ~ l ~ . t o  l i nea r  otructur- 

a1  aaa ly r i r  of 8hollr .  Thir 1nclud.o prodlctfon of dofloctienr and r t r a s reo  

of otructuror undor prerruro, b a t ,  inorti.1 and r t a t f e  lea&. Io addi t ion 

I 

rosonant f roquonclo~ can bo obt~lnod.  ) lotorialr  lult havo l fnoar  rtrers- 

e t r a l n  ro la t ionr ,  dofloctlonr mot ba such that load-&floctien ro l e t ioa r  

a ro  l inoar ,  
I 

Howover, the program i o  a180 muitablo for  problem. involving tha 

ram6 or r imllar  p a r t i a l  difforonti.1 oquntionr o r  preblmo involving matrlx 

algebra. Such problomr wruld be oncountorod In o l o c t r l c ~ l  n o w r k r ,  potonti.1 

f fold. ,  f l u id  f l o w ,  h u t  conduction and Dir ichlot  and Newman oquntfonr in 

phycf c8. 

Thfr program can bndlo u t r i c o r  of Intermodfato rfro (500-10,000) 

o f f i c fen t lp  ar -11 a1 rmallor rirom ( lorr than 500) with a rmall penalty 

ar compared to 9 rpocialirod in-cor. mutino. Whenovor poorlble problems 

a r e  kept fn cor. to avold tho UIO of tho taper which aro inherently slower. 

Answsrr a ro  ebtafaod in a ring10 parr  on tho aochfno. 

placed on oolf-chocking, rimplo rocovory ftoaP fault., and preaervatfon of 

calculatfonr up to tho f au l t  point. Application f lox fb l l f ty  fa  a t ta ined  by 

leaving oporatton moqucrrrcr a d  dam di rpor l t ion  undor control of  tho analyst .  

Empharfo her been 

PHILCO WESTERN DEVELOPMENT LABORATORIES 



2- 2 

2.1 Syrtea CoPponentr 

me I Y 8 t . p L  i r  corpored of dour coqonentr t  The mrter Program 

Control, the preudo inr t ruc t ionr ,  tho operation rubprogroopr, the Input data, 

The Hooter Pngram Control (I@C) includer the ur ter  in te l l igence  and the 

operator rubroutiner. MPC remafnr in cere during the exocutfon of a11 preuda 

fnstructionr.  XPC rubroutine. co t r tp l  tap. march, tape reading, matrix ceding, 

and e r r o r  operationo. The p r e u b  inr t ruc t ionr  define data arrignmentr, data 

tape arrignmentr, matrix identf ffcation and tho sequence of rubprogram relect ion.  

The operation rubprograma p e r f o a  operat iom on utr icer  of data. Matrix 

sor t ing,  addition, inverrion, rul t ip l iea t ion ,  input and output handling are 

room axampler of  operation. perfomad, Input &u are required by tho sub- 

program to &fine the par t icu lar  problem m&r conridoration. 

2.2 SYItOE PbW 

I n f t l a l l y  MPC t ranr fer r  centrol to the rubprogram for  reading a 

set of pseudo inr t ruc t ionr  and g e n e r a t h i  a preude program (UKXR) from the 

poaudo instruction.. Tho p r o q b  program tape fr wri t ten  and reuou~~d, than the 

pseudo inr t ruc t ionr  are read into cere one a t  a ti-, For u c h  inr t ruc t ion ,  

! 
I 

I 

I 

MPC locater the required Qta, arr ignr  core atorage .rem, readr the rubroutine 

If required, and t r an r fe r r  control to the wbroutfne. 

subroutine, MPC’ provider error dfagnorticr and then rea& and executor the next 

proudwino truction. 

Upon re turn from the 
’\ 

As an exa~p10, the rtopa taken by the cor~puter are defined in Table 2-1 

for generating tw coPpon.at r t i f f n e r r  matrfcer and s d n g  them. This problem 

includes a l l  the 8t-r c b r a c t e r i 8 t i c  of a mere comphx problem involving o ther  

rubprograme a& subroutinor, AU rtrpr are indep-dent of  matrix r ige.  

t 
\ 

I 

I 
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Step Number ' merat ion  ' 1 .  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12  

. 13 

PHILCO 

Read the Xastet Program Control from tape 

Read the preude h r t r u c t i o n s  and generate (WUCSlBJ 
the program 

Read a generated preud. inetruat ien 

Select  tho BflD program from tape and read into cere 

'. 

Transfer control te the B I D  package 

Generate utricer and write en tape 

Raturn Centre1 to the  Master Program Centre1 

Read the addition (ADDS) preudo ins t ruc t ion  

-cat. tho appropriate matrices from cereler tape 

Solect the subprogram and read from tape. . 
Xnter the rubprogram (ADDS) and add the matrfces 

Read the RUT pseu&-iasttucti@n 

H.1 t 

. '  

. I  

I .  

\ 

. .  
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2.3 Core and Tape Arrignmentr 

Core rtorage i r  divided in to  three bar ic  regions: syrteme, 

program, and camon. S y s t a  rtorage contain8 the IBSYS,XOt?IfpBB or  other 

carnputer job syrtem camporuatr aecerury  for  job control. 

Program in rtorage include the MPC program and *tu current rubprograa 

being ured for a par t iuu lar  operation. 

solut ion o f  a given problem. 

needed. 

XPC alwayr remafus in cere during the 

Subprogruu are brougkt hate core a8 they a r e  

Comxaou rtorage contain8 the parrmrterr comma t o  molt of th. subprograms. 

They are the following oae-dimrenrio~ul arrayr. 

i 

Array 

1. ABA 

2. ABB 

3. BUR 

4. NCX 

5. T u  

6. K8D 

7. NLD 

8. NBD 

9 .  BEE 

10. WRY 

11. ‘DAT 

I ’  

Dimenrioq J.ocatim . Function 

20 1 Logic Pseudo Code Table 

100 

- 1 ’  

21 

’ ,  121 

.133 

’ ,  121 

.133 

Operation Code and Subprogram 
DerQnation Table 

Pseudo Inr t ruc t ien  

Word Error Indicator 

30 134 A, B, and C Matrfx Ident i f ica t ion  Data 

’ Word Region for  Forming and Decomposing 
Codes 

5 .  164 
\ 

I 

1 1 69 Word Defining the Dimension of DAT 

1 y ’ 170 Word Defining the Number of Blocks i n  DAT 

120 1 7 1  Storage Kegion fo r  Reading Tape Blocks 

120 29 1 Storage Region fo r  Writing Tape Blocks 

X 411 Data Storage Region fo r  Matrices and 
Erasable Storage 

b PHILCO WESTERN DEVELOPMENT LABORATORIES . 
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4 table  definer a l l  acceptable logic  poeude ,.mtructiono. 

table  define0 a l l  acceptable eperation inr t ruc t ionr  and the derignationr ef the 

The ABB 

respective operation rubptogrepu. A l l  peeude fnr t ruct ieno are chaaked aga inr t  

the inotructiono in theoe tables. 
I 

The poeudo inatructions regien ( B W  centainr a current inotruct ion baing 

operated on by the MPC. The ident i f icat ion region (TRA) define0 the A, B, and C 

matrices being operated with, or ,  the mort recent one0 operated upon. The KOD 

region is urad by COINS in the  procerr of mining  o r  dectmporing row and column 

codes. 

opace where data can be r tored vhen it i r  read to and from tape, 

The function of the read (REE) and write 0 blocks i r  k provide a 

These block8 

oerve ao bufeerr in core for the tape. For fur ther  explanation of there regionr I 

oee the “coIpm0n” opera t ion rubprogram wrlteup en ti t l e d  NAME . 
\ 

The data region @A$ ir the largert ar ray  and encomparrer the remaining 

common otorage i n  cormr Thio region i o  broken i n t o  one, twlo, o r  three partr 

depending upon how many matricrr  are being handled and the otorage asoigned by MPC. 

Table 2-3 giver a l i r t  ef the tape nwnbarr and t h e i r  aooignmenta. Whenever 

possible  the ura o f  the rcratch tapes 7 and 8 ohould be avoided for intermediate 

calculat ions oince theoe caper are u8ed by soma’ oubprograms f o r  intermedia te 

data storage. 

The use sf matrix taper ohould be avoided i f  poooible, The primary reaoon i o  

Thio mtono that data on these taper may be erased by a subprogram. 

because tape usage is a rlow proceos compared to in-core operation. Core operation 

should always be used i f  the nrotriceo w l l l  f i t  in core. However, i f  tapes must 

be used because of the rim of the problem than a. many taper ao poooible should 

be u8ed to mlnlmlre tap. search the. - .  

PHILCO WESTERN DEVELOPMENT LABORATORIES 
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Writing and roading of matrix tapos i r  performod only %p tho TAPES rubroutho. 

If tho wo of rtorage d b b  sathor  thaa tapor i s  urod a t  ram0 futuro timr t h f r  I 

routino only w i l l  mod t o  bo chaagod. 

conformal~co with tho proud0 ~ n r t r u c t l o n r  (Soctton 4). 

Data aro aroignod t o  matrix tapes in 

2.4 Data Eandlhg 

Tho handling of data can bo-divided in to  thrro categorioo: tho handling . 1  3 

of input, in - t ranr i t ,  and output data. 

Tho input data can ba of tho followiug kind* pseudo instructions,  material  

tables,  e l a n t  data, matrices and matrix heading cards. Proudo ins t ruc t ions  

are always tho f i r s t  data road in for  a job. 

generated it c a l l s  in the next throe kinds of data as they are needed. 

In- t ranr i t  data includor matricor and aubprogrma. 

Input data is always road frolrr Tap0 5. 

.I 

Aftor tho perudo program' has been 

' 

Matrices can bo 

sent  t o  and from ocratch tap8 or matrix tapes. 

or recofvod from scratch tapor depondr on the  rubprogram writing tho tapor when 

these tap08 a re  uood a8 intonnodiate storage in tho subprogram, 

sent  t o  o r  recoived from matrix taper w i l l  be in one of two forms; o i the r  codod 

or  pro-codod. Scratch tapeo w i l l  'be wri t tea  in the same way a0 matrix tapes i f  

thoy aro dorignated as output matrix taper in a pseudo inrtruction. ! 

Tho form of matricos sent  ts 

H Q W O V ~ ~ ,  a a t r i c o s  

In coded format tho matrix conr i r t s  of a on@-dimensional array of two 
\ 9 

a l te rna t ing  terms. 

words daf in iug thu  rw and celuua number8 of a matrix coefficient.  'The even 

numbered torma are tho elernantr. 

Tho odd numbored terms are called codes. They a re  packed 

Thoy are the value of the matrix olement at 
.\ 

the  loeation dofined'%y the preceding cde .  If a zero code occurs, th i r  indicator  
t 

that 
* .  

tho array i r  tenainirted. It $8 not noooarary that a coded matrix be rorqed. 
i 
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In p tacahd  farmat th. matrix i r  a orre-dSmmrioaal array consistfag of 

The three parts. 

row code is a packed word containing the row node d e r  and component number. 

The Column code i6 similar, 

order of the three p a r t s  depeads upon whether the matrix is row l i s t e d  o r  

column l is ted.  

followed by the row codes. 

a re .1 is ted  by rows. 

f i n a l l y  elements are l i s t ed ,  the elements being l i s t e d  by columns. 

The phr t s  a r e  the raw codes, column codes, and elements. 

The elements are the values of the matrix. The 

If row l i s t e d ,  the colrnnn codes are l i s t e d  f i r s t  inmediately 

Then, beginning a new block, the matre elements 

If column l te ted,  the row codes, then column codes, and 

Subprograme are in- t rans i t  data controlled by the chain subroutine which 

Chain searches tape and brings subprograms from is a pa r t  of the job system, 

tape t o  core. 

previous subprograms in core a re  destroyed whem the nev subprogram i s  read in. 

matrices, e r r o r  statements and e r r o r  exit 

Since subprograms are always read i n t o  the program storage area, 

Output data is in three forms: 

data. 

statements desired by the analyst  are  printed out with the A matrix only. 

Reading cards are read framthe input tape and kPmediately printed one card at 

a time. 

of t he  matrix. 

Matrices a r e  printed in e i ther  coded or precoded format by INKS. "Heading" 

.. 

Heading statements are always l i s t e d  on separate pages from the  l i s t i n g  

h e i r  format is 872. 
\ 

E r r o r  statements are those error comments printed Out by a subprogram. 

Error comments are printed when an error is encountered. Insofar as possible 

a l l  format, l i s t i n g ,  identiffcation, and % h e  checks ure performed before the  

e r r o r  exit is taken from a &program. 

, 

Error exit data output OCCWCB when a nonrecoverable o r  flow disrupt  e r ro r  

occurs. In these cases the s ta tue of the core and tapes is ident i f ied  by pr int ing 

8 
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the matrix idant i f icot ion data along with the instruct ion besng worked on, 

ident i f ica t ion  includas a l l  par t incat  information of  the TRA block (See Section 5 )  , 

The e r r o r  e x i t  pr intout  is controlled by the subprogram ERROR. 

Matrix 

Data and ident i f ica t ion  information are stored on matrix tapes i n  blocks of  

127 words each. The f i r s t  120 worde are data and the last  seven words are matrix 

and tape ident i f ica t ion  Information (TRA b8), 

alphabatic i den t i  f icat ion;  the second word is the  matrix numeric idant i f ica t ion ;  

the th i rd ,  the number of the block of data; the  fourth the number of rows and 

colup~irs in the matrix; the f i f t h ,  the l i s t i n g  of the dp'ta, row, coluam, o r  unsorted; 

the s i x t h  the format of the coding, coded o r  preceded; and the eeventh, the tape-, 

group number on the tape. me purpose of including t ie  i i o t  piece of in fomat ion  

is t o  provido the MPC with thr capabili ty of backspacing records en tape and of 

checking to maka cer ta in  that the tape record is the one requirod and in  proper 

h a  first word is t he  natrix 

eequenca . 
I Group numbers, which ident i fy  the location of  amtricas on tape, must be fn 

sequantial  order, e,g,, 1, 2, 3, 4,,.. Also, it i s  not  permiosible to write 

a new matrix in the middle of a saquential group. 

o r  longar than the one It f r  baing wri t tan over, in which cas., the ident i f ica t ion  

associatad with the o v e r n i t t a n  o r  succeeding matrix W i l l  be p a r t i a l l y  destrqmd, 

thus in te r fa r ing  with subsoqwnt legical  tape cscrrch. 

The new matrix may bo shor ta r  

\ 

Topa search i o  accomplfshed a6 follows. The tape backspacas on6 blsck, 

checks the group number, then determines whather to  mova forward o r  backward 

to reach the correct group number, 

is i n  the group desired the t a p e  looks a t  the block numbar and backs up the 

absolute  value of the number. 

group t o  be read. 

I f ,  a f t e r  the one backspace, the block read 

Thir pooltieno the tape a t  the beginning of t h s  

WESTERN DEVELOPMENT LABORATORIES 
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2.5 Ident i f ica t ion  Syoteme 

Thrar ryrtrma &fa urrd to dircriminata ba tvrm subprogramr, motricer, 

and data. 

The correspondence batween chain number. and rubprogram inotructions i o  

contained i n  CUMMON i n  tha ABB t ab le .  Further infonuntion on chain numbere 

i s  given i n  Section 2.6. 

Subprogram a ra  ident i f ied by a chain number on the program tape. 

Hotriceo a ra  ident i f ied  by two wordo. The f i r s t  word conslots of 

three alphabetic charactere. The second word consir te  of three numeric 

characters,  e.g. MATl06. Other ident i f icat ion which characterizes the form 

of a matrix is storad i n  the TRA region of cornmop etorage and i n  each block 

of data on tape. 

The data In  the matricer are iden t i f i ad  by codes. The codes a r a  17 b i t  
..’ 
I *  

packed words containing column, row, and component data ident i fying the nodes 

of the etructura.  The coding oyetcm i r  barred on the  nodal numbere aroociated 

with the matrix during i ts  developmant and tha direct ional  component a t  that 

node. 

it is possibla t o  eolve larger  problem8 in piecee. 

ente of force o r  displacement rnay be conoidered a t  a, node. 

A maximum of 4095 nodes are admiosible by tha coding syrtem although 

A maxirnum of e ight  compon- lit 
- t  

A graphical breakdown of tha co&s appaaro i n  Fig. 2-5. Three b i t s  of 

$1 
the 1 7  b i t  word are rerarved t o  define tha componant a t  the node and 13  b i t s  t o  

define the nodal nuabar. The remaining b i t  daoignatao the coordinata syrtem 

used. When only the row o r  coluam number i o  required me in the precoded rnatrices 

\ 

t 

tha 17 b i t e  are put in t h e i r  upprr pa r r  of tha word to ident i fy  the row o r  

column. 

t 
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I CODE 
(36 b i te )  

ROW CODE COL. CODE 
(18 bi te)  (18 b i  tr) 

1 :$ 13 1 4 1  

.- . 

13 1 4 

.8 .. 
t 

u t  1 

: a  
' d  

Y 
*J & c  0 

m 
4 s 

2.6 Subprtagram Randlfng 

Subprogramo are handled using the IBM CHAIN subrumtine. During 

pre3.ddd t i m e ,  the oubprogro~so a re  o a r e d  on the SAS program tape. An 

i n i t i a t i n g  subroutine ca l l a  CHAIN and direct0 read& ef the MPC. The 

f i r o t  subroutine i n  MPC i o  SPACZ. 

and reserve0 the opace required for the largeot  operation oubprogram. 

Thio subroutine i o  otored a t  the origin 
t 

Upon call for an operation Oubprogram, the chain table (ABB) i o  

I 

I 

searched to f ind the chain number ef the inotruction, and control i r  

t ransferred,  i f  the aubprogrear l o  not  already i n  core, te CHAIN. Thio 

subroutine oearcheo the $AS tape, reads the required subprogram, and 

tranofero control to it. - The e x i t  i h r u c t i o n  taken from the subprogram \ 

\ 
I 
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i s  a c a l l  la the WCLg subroutine. This is a FAP oubroutine which tranofers 

control back to MPC. 

Subprogram chain numbers are given i n  Table 2-4. This table  a le0  includes - 

the rubprogram ident i f ica t ion  ueed to  label  source and bimrp deckr. 

. TABU 2-4 

SUBPROGRAM IDENTIFICATION 

Program 

READ 
MAKER 
COLS 
Rows 
FLIP 
CODE 
DECO 
ADDS 
MULT 
WASH 
ITER 
CHIN 
CHOL 
SORT 
ROOT 
BILD 
SUBS 
INKS 
TAPES 
COINS 
MINTS 

Label - Chain Number 

1 A 
2 B 
3 C 
4 0 
5 X 
6 F 
7 C 

. H  
. I  

7 8  
9 

10 J 
11 * K 
12 L 
13 H 
14 N 
15 0 
16 P 
17 Q 
18 R 

W 
x 

26 z 

\ 

I f  a fermat e r ro r  is encountered i n  the rubprogram, control is trannferrad 

to  the subroutine ExgM. 

indicator ,  pointo diagnortic comente, checks rcploining input i f  reasonable, 

and transfero to  CYCLE, 

This subroutine i n  turn ea t s  up the required error 

Two special  subroutineo a re  used to  handle two par t icu lar  types of non- 

A subroutine cal led BADIBM inducee pr intout  when a non- recoverabla errore.  

recoverabla e r ro r  occure due to improper data o r  cer ta in  amchina errors .  This 
’> 

oubroutine i e  ca l lad  when 8 paramatar asmume6 an unrrcceptable value. 

PHILCO WESTERN DEVELOPMENT LABORATORIES 
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2.7 Error Correction and Recovery 

Twe typqa of e r ro r  m y  be ancounterad i n  oparation. 'Won-recwarabla" 

e r ror r  caura tha computer to  p r in t  a su i tab la  comment s n  tha output tape  and 

go to tha naxt problem. It rkipr poeudo ias t ruc t ionr  u n t i l  a NEXT ins t ruc t ion  . 
\ 

\ 

i o  found, I f  a HALT is ancounterad f i r r t ,  e x i t  i o  takan from SAS. 

When the anginear wirhar to  continua calculationr i n  hi8 problem ha can 

re-enter the machine in tha u r u l  way excapt t ha t  raquired tapaa murt ba re- 

installed on tha computer. Any new inr t ruct iono that the enginaer wiohes to  I 

i noer t  i n  h i s  program are inrer tad and thore program instruct ions that  have 

baen ruccerrfully performed m y  be omittad i f  required data is a t i l l  avail- 

able  fo r  rubsaquent calculationr. Uae ef tha recovarable feature  pa ra i t s  the 

engineer t o  avoid racalculation. 

Errors induced by machine gwfo o r  naed to otop oparation because of 

t h a  runout ara a l r o  traated ar non-racovarable arrorr .  On thio non- 

racoverable a r ro r  tha operator tranofers te a spec i f ic  lacat ion i n  the MPC. 

Thio t ransfar  providas the u s u a l  e r r o r  printout and succeaa exit. Saction 2.4 

data providaa fur thar  explanation of e r r o r  p r i n b u t s .  

Flow disrupt errore,  tha racond typa of ermr, ora thosa that tha angi- 

naer may ant ic ipata .  Thare uoually ara involved with tha f a c t  that the 

a u t r i x  baing handlad i o  too larga for  the syotem, Suitable comments are 

wri t tan on the output tape and the program may follow tha raquenca of correc- 

t i ve  operations required by tha anginear. 

general rubproprams or instructions to  handle data i n  pa r t i t i ons  . 
Theoa amy includa use of mora 

Table 2-5 l i r t r  recoverable erroro of the oparation rubprogram. Any 

given program ha. a t  mest on. flow disrupt  arrer, Whan noa-racoverable a r r o r r  

occur, the cause i 8  noted on the output tapa. 

PHILCO 
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TABU 2-5 

FIl)fJ DISRUPT BaaOILs 
' <  

Subprogram Cause of Error 

MULT ' Neither A or B f i t  i n  core 

CODE Teo may codeo in  the preceded 

matrix to f i t  in core (15,000) 

DECO Same 81 above (CODE) 

Matrix i o  net i n  coded format 

Matrix i o  nti+t in coded format 

CHOL A i o  net positiv:. definite ' 

Maoter intelligenco chockr the r i z e  of tho uatriceo e f  all other oub- 

pregramr to reo that matricor required to f i t  i n u  cor:. actually do f i t .  

If not a flew dirrupt orrer f r  oleo oignallod. 

PHILCO 
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3. Master Progran'Control (MpCLb 

Master Program Control contains master intel l igence and the operation 

subroutines. 

t h a t  d i r ec t  the preblem s d u t i o n .  

assigning stcprage, transferring l ibrary  subroutines, handling the i n t e r p r e t a t i m  

of the pseudo instruct ions and prsviding the basic e r r o r  and logic  rout ines  of 

the program. 

which d i r ec t  these operations, are described in a separate write-up en t i t l ed  

MASTER INTELLIGENCE. 

a re  l i s t e d  in Table 3tl.The operation subroutines a r e  a l s o  described in separate 

write-ups. 

Master intel l igence contains the primary flow camtrol instruct ions 

These operations include posit ioning tapes, 

The flow control instructions,  a l so  cal led logic  subroutines (open) , 

These subroutines and the operation subroutines (closed) 

The PWP, VABY, and BACK l eg ic  subroutineo are used by MAKER in the 
I 

generation of 8 program. 

replaced by other pseudo instructions and a re  not interpreted by MPC. 

They are described in the MAELER write-up. They are I 

\ 

TABLE 3-1 

:I i Logic Subroutines (open) Operation Subroutines (c loaedl  

PREP ERRS MAKER 
VARY SKIP FINDS 
BACK NEXT ERROR 

PAWS 
STOP TAPES 
MLT COINS 

The separate write-ups f o r  MASTER INTELLIGENCE and the Operation Subroutines 

follow. These writeups define program purpose, r e s t r i c t ions ,  method, usage, 

i 

and coding information. 
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Master Object Progrant HASTEB INTELLIGENCE, Flow Control Program 

Purpsse: To make accessibla required data, . tO select required operatien 
subroutines, and to in t e rp ra t  flew control pseudo instruct ions.  

Restrictions: 

(1) Instruction8 must be included i n  the SAS pseudo ins t ruc t ion  
tabla 

(2) Data handling l imitations are those imposed by the 
operation subroutines and operation subprograms used. 

Method: Library Tables are read and control is transferred to MAKER 
t o  read pseudo instructions and t o  write the program tape. 
pseudo instruct ion i s  read and executed i n  turn un t i l  the program 
is completed. 

Each 

There are two types of pseudo instructions-flow control 
in8 t r u c  tiona and operation i n s  truc t ionr  . 
ins t ruc t ionr  include ERRS, SKIP, STOP, NEXT, PAWS and HALT. 
These are t reated direct ly  by MASTER INTELLIGENCE. 
cause the following actions: 

The flow control 

They 

PHIPCO 

ERRS: I f  the pravious program resu l ted  in a flow disrupt  
e r ror ,  t h i s  coda d i rec t s  continuation of calculations.  
A l l  ins t ruct ions between the ERRS and succeeding SKIP 
o r  STOP w i l l  be executed i n  sequence. 
e r ro r  has not occurred, a l l  these instruct ions a r e  
d i  o r e  gar de d . 

I f  a flow d is rupt  

SKIP: 
inst ruct ions denoted i n  the last  f i e l d  are Ignored and 
those following executed. 
mode, t h i s  instruct ion is Ignored. 

I f  i n  the flow disrupt  mode, the number of pseudo 

I f  not in the flow disrupt  

STOP: I f  i n  the flow disrupt  mode, a l l  succeeding 
ins t ruc t ions  ara  ignored u n t i l  a NEXT code is found. 
I f  not in the flow disrupt  mode, t h i s  instruct ion is 
ignored . 
NEXT: This instruct ion indicates  the start of another 
case. No calculations are performed. 

PAWS: The calculations a r e  stopped. They can be re- 
s t a r t e d  by pressing the start button. 

HALT: The CALL EXIT inr t ruc t ion  is executed. 
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MASTER INTELLIGENCE act ions under an operation ins t ruc t ion  are locat ing &fg, 

ca l l i ng  the opera'tion subroutine, and providing e r r o r  control.  Do t a  i s  
handled i n  accordance with the subprogram deeignation ae follows: (Sea 
coding information Item ( 6 )  of  the general operation cubprogram NAME i n  
Section 5 ) .  

(1) Any matrix in core but no t  permitted i n  core i o  eraeed. 

(2) A l l  required matriceo i n  core are retained. 
tha upper p a r t  of core. 

They ara meved t o  

(3) A l l  matriceo not required but avai lable  and permitted i n  core 
are moved t o  the bottom of core. 

(4) Any matrices required i n  core but no t  i n  core are read i n  from 
tape behind thoee required and already i n  core. 

( 5 )  Tapes are positioned for a l l  eutput matriceo and input mrtriceo 
not i n  o r  required i n  core. 

The operation subroutine i o  ca l led  by a CHAIN in r t ruc t ion .  
f o r  a description of CHAIN). 
INTELLIGENCE. 

(See Section 2.4. 
A f t e r  execution control i o  returned to W T B B  

I f  naceooary, an e r r o r  pr intout  is made using ERROR. 

Usage: 

(1) Thio i o  an object  program. 

(2) Thio program ures MAKER, TAPES, COINS, FINDS, TSNAM, and ERROR 
a8 oubroutiner. 

Coding Informa tion: 

(1) This program Includee SHIFT, I N ,  and SPACE aa eubroutines. Their 
functions a r a  reepectively to  move data i n  care,  to  read data 
i n to  core, and to  provide opaca i n  Cora for  the operation eub- 
programo . 

(2) Thio program and i ts  subroutines are maintained in core a t  
a l l  t i m e s .  

(3) U s e  of the CHAM inst ruct ion and inatruct ione indicatad by 
comment card.  may n e t  ba admiaoible in a l l  compilere. 

PHILCO 
! 
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Operation Subroutine: MAICEB, Pseudo program generator 

Purpose: To generate and write a set  of pseudo instruct ions on the program 
Lape from a' r a t  of input instruction8. Thir program eliminnteo the 
instruct ions PREP, VARY, and BACK by developing additional instruct lono 
and checks pseudo instruct ion logic. 
instruct ions and optionally p r i n t s  ou t  the pseudo program. 

It p r i n t s  out input pseudo 

Restrictions:  

Pseudo ins t ruc t ions  must be i n  the proper format 

The maximum number of ins t ruc t ions  between a PREP and a BACK 
must be C 2083. 

The last pseudo instruction must be a HALT 

The t o t a l  number of pseudo ins t ruc t ions  i n  the pseudo program 
must no t  exceed storage on one tape. 

Method: Pseudo instruct ions are read from the input tape and rewri t ten on 
the pseudo program tape un t i l  a PREP i s  encountered. 
a f t e r  a PREP, a r e  accumulated i n  core u n t i l  a BACK is found. 
t h i s  range, pseudo instruct ions are generated for  each t i m e  through the 
loop. Address modifications require by VARY are made. After the loop, 
card reading and wri t ing continues un t i l  the HALT i s  found. Logic check8 
include checking t h a t  each PREP is followed by a BACK before a NEXT o r  
HALT i s  encountered, t ha t  no PREP l ies between an ERRS and i t s  companion 
SKIP or  STOP card, that two consecufive PREPS are separated by a BACK 
tha t  fo r  each instruct ion there e x i s t s  a subroutine, and t h a t  pseudo 
card sequence numbers never diminish. I f  instruct ions for  a given cage 
are i n  e r ro r ,  tha t  p a r t  of the program tape i s  not wri t ten and the next 
case i s  processed. 
su i tab le  of f - l ine  comments are made. 
sequence numbero of the pseudo instruction., program progress i s  not 
halted. 

Instruct ions,  
Within 

On finding errors i n  the pseudo ins t ruc t ion  input,  
If the only e r ro r  is  i n  the  

Usage : 

(1) 

(2) 

Calling sequence is CALL MAKER 

Upon ca l l ing ,  the input tape must ba positioned j u s t  before the 
f i r s t  pseudo instruction. 

(3) 

(4) 

The e r ro r  e x i t  i o  taken only i f  no sa t i s fac tory  cases are 
included in  the input. 

Pseudo instruct ion card format is F8.1,2((3X815) , (2XDA3,13))  , 
(4X,A4) (3X,f5) , (P[,A3,13) , (3X,15) . Data ha8 the following 
in te rpre ta t ion  

"A" amtrix storage assignment 
(F8.1) : Card sequence number 
(3x,I5) : 
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( 2X ,A3,13) : 
(%,IS) : 
(V,A3,13) : 
(LiX,A4) : 
(3%,15) : 
( 2X, A3,13) : 
(3x.15) : 

A matrix ident i f ica t ion  
"B8" matrix storage assignment 
B matrix ident i f ica t ion  \ 

"C" matrix storage assignment 
C matrix ident i f ica t ion  
Control informa t ion 

P68Udo code 

( 5 )  Pr in t  out  of the poeudo program w i l l  be act ivated i f  the control 
i n  forme tion in  the HALT ins t ruc t ion  is non-zero. 

Coding Information: 

(1) This subroutine includes, PB, VA, RE, PT, WR, and BS as sub- 

to  process a VARY, to read pseudo ins t ruc t ions  from the input 
tape, to  check sequence and to  p r i n t  pseudo ins t ruc t ions  on 
the output tape, to write ins t ruc t ions  on the program tape and 
check codes, and to  backspace the program tape over an erroneous 
case. 

* functions. Their functions are respectively to  prepare a loop, e :  

No other  subprograms of SAS are required. 

(2) This subroutine i 6  used only a t  the beginning of  SAS execution 
and m y  be erased thereafter.  

3) The pseudo ptogrorn tape i o  l e f t  la rewind otaOuo upon e x i t  from 
MAKER. 

\ 
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Operation Subroutine: FINDS, Tape Search 

Purpose: To posi t ion a tape f o r  reading o r  wri t ing by an Operation 
Subprogqun. 

b e  t r ic  tions: i 

(1) Tape group numbers must be i n  sequence and increase as the  
tape is moved in the forward direction. 

Z P  

(2) The block number of the l a s t  block i n  each group must ,be 
negative and the same a s  the number of blocks. 
of a l l  o ther  blocks i n  the group must be posi t ive and i n  
sequence s t a r t i n g  from one. 

Data must be written on tape i n  the same form as wri t ten by 
TAPES . 

Block numbers 

(3) 

Method: The tape to  be searched is backspaced one block and the block read. 

Compla- 
I f  the tape group number is less than tha t  desired, the tape is moved 
forward u n t i l  i t  is positioned j u s t  before the group required. 
t ion of the reading of a group is determined by reading a negative 
block number. I f  the tape group number is greater  than tha t  desired,  
the tape is backspaced over the groups and positioned i n  f ront  of the 
group required. Backspacing is  controlled by the block number i n  the 
l a s t  block of each group. 
block in  the preceding group is read to determine how many blocks 
e x i s t  i n  the next group . 

After backspacing over a group, the l a e t  
\ 

Usage: 

(1) Calling sequence is CALL FIND (L,I)  L indicates  the tape group ' 

number being searched. 
The upper two d ig i t s  are the logical  tape number. 
matrix referred to. I f  I - I A  the A matrix tape i s  being 
positioned; i f  I = I B ,  the  B matrix tape, and i f  I - I C ,  
the  C matrix tape. 

It is a negative f ive  d i g i t  number. 
I is the 

(2) This eubroutine usee TAPES as a eubprogram, 
't 

Coding Information: 

(1) Tape search can be s t a r t ed  from any tape posit ion between the 
beginning of  f i l e  of the tape and the end of record gap imme- 
d ia te ly  following the l o s t  block of the las t  group. 

(2) Tape rewind is used only i f  posit ioning is to  be before the 
f i r s t  group . 

(3) I f  the l a s t  block of a group does not contain a negative block 
number, the non-correc tive e r r o r  ex i t  is taken. \ 

\ 
I 
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Operation Subroutine': ERROR, Diagnostic Printout 

Purpose: To ident i fy  the type of error and state of the calculations 
when an e r ror  is encountered. 

Method: A t e s t  of the e r ro r  indicator (NCE) i s  made: i f  posi t ive,  a non- 
corrective e r ro r  is printed; i f  negative, a flow-disrupt e r r o r  is 
noted. I n  any case, the pseudo instruct ion under which the e r ro r  
occurred i s  printed. I n  addition, ident i f ica t ion  information for  
the A, B, and C matrices is printed i f  available.  

Usage : 

(1) Calling sequence is CAIlL ERROR 

(2) Direct t ransfer  t o  th i s  subroutine can be used a t  any t i m e  to 
p r i n t  out t h e  operative pseudo instruct ions and the matrix 
ident i f ica t ion  information. For t h i s  purportubstructions are 
included using E W B  as a subroutine. 

Coding Information:. 

(1) This subroutfne is kept i n  core a l l  during pseudo program 
axecu tion. 

(2) There are no e r ro r  steps i n  t h i s  subroutine. 

1 PHILCO 
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Operation Subroutine: TAPES, Tape read-write 

Purpose: To handle a l l  block reading and writ ing on matrix and scratch 
tapes, tap6 backspacing, and rewind. 

Restr ic t  ions : 

(1) A l l  blocks on tape must be 127 words long. The f i r s t  120 words 
a r e  data, the l a s t  seven words contain data ident i f icat ion.  

(2) Tape numbers used must conform with SAS and loca l  tape assignments. 

Method: Blocks may be handled in groups or singly. 
blocks are read in to  or wri t ten from consecutive core locations. 
Ident i f icat ion information is 
ident i f ica t ion  region i n  core (TRA) a s  the blocks of data are read 
o r  written. In  writing, a l l  blocks a re  wri t ten and the l a s t  given 
a negative block number. 
the group o r  the  number specified, whichever i s  least .  
operation, each block is writ ten or read by separate subroutine en t r ies .  
Block numbers a re  increased from the i n i t i a l  value in  the TRA block 
and the f i n a l  one is set negattve. 

Under group operation, 

simultaneously changed i n  the  matrix 

In reading, as many blocks are read as i n  
In individual 

Usage: 

(1) Calling sequence is CALL TAPES (NT, NB, IL, A, J) 

NT is the logical  tape-group number 1000 S NT A 14999. (NT - 
a re  used a s  tape designations. I f  NT 4 0,  tape is moved backwards; 
i f  NT > 0, forwards. 

(Tape Noox> 1000) 3. group amber )  Only the thousands d i g i t s  

, ( I  1 4 

' I  

NB is the  maximum number of blocks t o  be handled. 
blocks a re  t o  be read. I f  NB> 0, blocks a re  written. I f  NB - 0 
rewind is performed. If NT < 0 and NB 2 0, tape is backspaced 
NB blocks. 

If NB < 0,  

NB 5 32000 fo r  a group. 

IL is the  index value of the f i r s t  word of ident i f ica t ion  information 

individually, i f  a7 0 blocks are being handled fn groups. 

A is the  array t o  be writ ten or read. 

J 1s the  index of the f i r s t  elemeat i n  the array t o  be wri t ten 
o r  read. 

fo r  the matrix being handled. I f  IL 0 ,  blocks a r e  being handled \ 

\ 

\ 

(2) 

(3) 

This subroutine requires COINS a s  a subroutine. 

Data and ident i f icat ion information must be stored i n  consecutive ' 

locat ions s t a r t i ng  a t  the i n i t i a l  location. 
o r  placed i n  core for  each data block. 
ident i f ica t ion  on tape correspond t o  the f i r s t  e ight  matrix 
ident i f ica t ion  words in the  TRA region. 

I 

120 words a r e  taken 
The seven words of 
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Codlng Information: 

(1) After reading a block, the block sequence number of the l a s t  
block read I s  l e f t  i a  the  TRA region. After wri t ing a block, 
the block number In the TRA region i s  Increased by one unless 
the l o s t  blsck of a grsup has bean written.  In that case the 
block number is l e f t  unchanged. 

There a r e  no noa-corrective or flow disrupt  staps in th i s  
subreutlne. 

This pregrom can be raodlfied to convert from tape to  disk 
storage any matrix (noa-scratch) tape. It must a l s o  be 
nmdlflad i f  logtcol tope aumbars are replaced. 

(2) 

(3) 

- :  

. .  \ 

\ 
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Operation Subroutine: COINS Code Interpreter  and Coiner 

Purpose: 

Restr ic t ions : 

To form or disassemble a packed word to  o r  from in teger  words 
defining row and colrnrm number. 

' 

(1) Any,node number cannot exceed 4095, but can be of plus or minus sign. 

(2) The maximum number fo r  nodal components must be less than 9. 

(3) A l l  packed words must be posi t ive,  a l l  nodal component numbers 
must be posi t ive.  

Method: I n  coining from four words, sixteen i s  added t o  the component number 
and the sign of the node number changed i f  i t  i s  negative. 
unpacking i s  &ne by adding and sh i f t ing .  
number and f ive  for  component number. 
when two word packing or unpacking is performed. 

Packing and 

These 17 b i t s  are t rea ted  together 
12 b i t s  a r e  reserved fo r  node 

Usage: 

(1) Calling sequence is  CALL COINS (J,I) 
J is  the f i r s t  location containing input data (code numbers) 
I i s  the mode index and i s  interpreted as follows: 

-1, coin a one word code from 4 words of input 
0 ,  coin a one word code from 2 words of input 
1, decompose one word i n t o  2 words; a row and a column code 

-2, decompose one word in to  4 words; a row node number, 
a row component number, a column node number, and a 
column component number. 

(2) This i s  a closed subroutine 

(3) Input words and output words must be s tored i n  consecutive locations 
s t a r t i n g  a t  J(1). A maximum of four words are required. 

Coding Information: 

This i s  a FAP subroutine. 

This program must be changed i f  the 35 b i t  word s i z e  i s  changed. 

The program has 96 instructions.  
in te rpre ta t ion  is separated, there w i l l  remain but 46 inst ruct ions.  

Normal operation w i l l  require an average of 32 machine cycles 
from entry to  the linkage u n t i l  re turn t o  the object  program. 

No storage spaces are required other  than those occupied by input,  
output, and the program. 

I f  a node number i s  greater than 4095 i n  absolute value, J(5) is 
s a t  equal to  one before return and the ofdending code put i n  J(1). 
I f  both node number8 a re  minus zero, the code i s  taken a s  zero. 

I f  the four word coining and 
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% a, 
F8.1 3X,I5 A3,13 3X,I5 A3,13 4X,A4 

4. Pseudo Instruct ions 

.. 

3X,I5 A3,13 %,I5  

The function of the pseuda inr t ruct ions i s  to provide the user  with 

a simple system through which he can direct calculatione.  

on the analyst  by t h i s  device is more than repaid by the f l e x i b i l i t y  of 

cemputer aperatien. 

he requires. 

reactlone. 

The burden impesed . 

The analyst  can eas i ly  d i r ec t  any sequence of operations 

Thus he can incorporate equilibrium checks and calculat ion of 

Beerganizatlon e f  the data i s  a t  h i s  disposal. 

Thera are two typea of pocudo instructions:  logic  ins t ruc t ions  and 

operation lnetructions.  The legic instruct ions d i r ec t  program control.  The 

operation of them inetructions when they are act ing as logic  subroutines i e  

described i n  Ssctlcpn 3. 

operata en matrices. 

and is shown i n  Figure 4-1. Data i s  located i n  nine f ie lds .  The "0" f i e l d  

defines the instruct ion sequence number. Data i n  the A , B , D ,  and E f i e l d s  

i s  i n  fixed decimal form. The A, B, and D f i e lds  contain the tape storage 

assignment (tape-grsup number) fo r  the A, B, and C rnatricee while f i e l d  E 

contains control information for the operation to be performed. Fields 1, 2, 

and 3 contain the 6 character alphanumeric names of the A, B, and C matrices 

respectively.  

the four letter mnemonic code which specif ies  the subroutine o r  subprogram t o  

The operation ins t ruc t ions  c a l l  f e r  subprograms which 

The format for  both typeo e f  instruct ion i s  the eame 

Ths lout  three characters must bs numeric. The C f i e l d  contain 

be used. . .  
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14 
I 

The pseudo instructien shown in Figure 4-2 is a logic instruction. 

Thio  card i o  requtred t o  cause a transfer ef control ts the eucccso ex i t .  

HALT 

For acme l sg ic  inatructions data is required in  a l l  fieldo 

A l is t  of the logic pseudo instructions and the program interpretation 

is given in Table 4-1. 
\ 

Fig. 4-2 
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VARY 

BACK 

ERRS 

SKIP 

NEXT 

STOP 

HALT 

PAWS 

\ 

PHILCO 

Instruct ions 

PREP ' 

TABLE 4 - 1 

PSEUDO INSTRUCTIONS 

Logic Pseudo Instruct ions 

Prepare for  multiple execution of the 
following instruct ions 

Vary matrix or tape numbers i n  the next 
instruct ion by augmenting respective f i e l d s  
by these specif ied amounts. 

Back up and repeat instruct ions a f t e r  PREP 

Disrupt e r ro r s  can be corrected as follows 

Skip the next "n" pseudo ins t ruc t ions  
(Skip cannot be included between a PREP 
and BACK ins t ruc t ion  

This i s  the f i r s t  instruct ion of a new case 

Stop t h i s  case and go to NEXT to  f ind the 
next case 

Halt and t ransfer  to the success exi t  

Pause 

WESTERN DEVELOPMENT LABORATORIES 



4-4 

2c 3.5 1.10001 MAT001 9001 MBTO02 ADDS 12001 MCTOOl 

The pseudo inotruct ien ohown i n  Fig. 4-3 i o  an operatien inatruct ion.  

This instruct ion requires that the A matrix, ca l l ed  MAT001 and otored as 

group 1 on tape 10, be added to the B matrix, ca l l ed  MBTO02 and s torad as 

group 1 en tap. 9. The raoul t  is the C matrix, ca l led  MCTOOl and i o  to  ba 

stored a o  group 1 on tape 12. 

It i s  men tha t  each matrix i r  opecifiad by two f ia ldo a f  data. 

f i r s t  f i e l d  defineo tha tape and tap. group nunbar. 

is l e f t  blank, tha matrix i r  to be feund o r  l e f t  i n  core. 

f i e l d  csntaino lettars and numbera which ident i fy  the matrix. 

The 

I f  thio f i r a t  word 

The reccPnd 

The letters 

can be oelected by the usar. 

except that ot i f fnasq,  rtreor and loading matrix numbarr a r a  chosan by 

The numbers can be oelacted by tha user 

the program to coinclda with tha element numbers. 

Instructiono are performed in tho oaquenco i n  which they ara introduced. 

Since the inotructieno do not define the matrix oize,  they can be used 

fo r  any problem requiring the oame inotruct ional  sequence. 

A l i o t  of the operation pseudo ins t ruc t ions  and t h a i r  in te rpre ta t ion  

i o  given i n  Table 4-2. Furthar d e t a i l s  en the programs avoked may be found 

in Sactian 5. 

ADDS PSEUDO INSTRUCTION 

Fig. 4-3 

1 
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Ins  trucrions 

i, 

ADDS 

SUBS 

MULT 

4-5 

TABLE 4 - 2 

OPERATION PSEUDO INSTRUCTIONS 
(Subprograms) 

ROOT 

CHOL 

CHIN 

ITER 

WASH 

FLIP 

SORT 

CODE 

DECO 1 .  

COLS \ 

Rows 

BIlD 

READ 

INKS 

, I  PHILCO 

Find l a t en t  roots of kg, a symmetric 
matrix 

~ o t m  
decomposi t ion 

&i'J O1 ba using Choleski 

Fora ouch tpt 64 @,d - &d 
and - bq - where @1 is  oymmetric 
and posi tiva de f in i t e  

~ o n D  ~4 - Ba -1 @a using acceler- 
a ted  Seidel i t e r a t ion ,  @a 
must be posi t ive def ini te .  

WASH Bz) elements from [Ad eliminating 
rows and columns to produce 

Form b3] - bdT 
Sort  a matrix /&g b row and column 
(row l i s t i ng )  as b3f 

Transform bl] t o  coded fonnat as @3J 

Transform to precoded format as kq 
Put the hq matrix i n  column l i s t i n g  
and c a l l  i t  b3] 

matrix i n  row l i s t i n g  and 

Construct s t i f fnes s ,  stress, and/or 
loading matrices as [Aa , [Bd and 
&iJ respectively 

Read matrix bl] , D21, and/or @3] from 
cards 

P r in t  matrix hl], B2] ,. and/or [C33 

,I' 
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Table 4-3 is an example of the poeudo Instruct ions for  a pseudo program. 

The following i o  an explanation of operationo dlrectad by the pseudo instruc-  

t i ons  . 
Jnstruction 1 .O. READ t 

This instruct ion auoeo  the input  tape to be re’ad and the Information 

s tored as designated on the card, 

and CAT003 are otored on tape+ nine, ten and eleven, each a8 group one. 

In t h i s  ca8e the matrlcer CAT001, cAT002, 

, Instruct ion 3.0. READ: 

Thio instruct ion et0188 matriceo CAT004, CA’IDO5, and CAT006 on tapes 

nine, ten, eleven a n  group one respectively. Note that though ins t ruc t ion  

2.0 is omitted thio program is acceptable r ince lnotruction nuabero never 
\ 

decrease . 
Instruct ion 4.0. ADDS: 

This instruct ion cauoen matrix CAT001, which is stored on tape 9 a o  

group 1, to be read Into core, 

as group 1, i o  read Into core block by block and the elements added to those 

of the A matrix already i n  core. 

of the row and column coder. 

Instruct ion 4.1,  PREP: 

Then cAT002, which i o  otored on tape 10 

The elemento are properly matched by use 

The r e s u l t  l o  ca l led  SAT001 and is  kept in core. 

This ins t ruc t ion  tell8 the pseudo program generator MAKER t o  ee t  up the 
’% 

coding to per fom a loop four tlmeo, 

Instruct ion 4.2. VARY: 

This instruct ion te l ls  the poeudo program generator MAKER to set up the 

coding to  increment the parameters i n  the oame locations on the next card by 

the amount indicated on the VARY card minus one. 

next card i n  the loop no incramentation of parameters i s  made. 

a r e  then incremented on each oucceedlng pase . 
On the f i r s t  pass of the 

The parameters 

‘1 I 

f ‘  

PHILCO ‘5 ’ 
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Instruction 4 . 3 ,  ADDS: 

This Instruction, on the firot pass adds SATOOl, which io in core, denoted . 

by no tape-group number, to CATO03, which is stored on tape 11 as group 1, 

and calls the result SATOOZ. 

Instruction 4.4, BACK: 

This instruction tells the pseudo program generator MAICER to set up the 

coding to continue the loop operation started by thb PREP instruction until 

the indexing I s  complete. , 

On the second pass through the ADDS inotruction, SAT002 is added to CAT004 

stored in core and called SATO03. T h i s  proceso continues until the Indexing 

ie complete. 

Instruction 5.0, INKS: 

This Instruction cause8 SATOOS, the final reoult of the indexing, to be 

printed on the output tape. 

Instruction 6.0 HALT: 

This instruction "wraps up the progrd' and return8 control to the job 

system of the computer, 

\ 

PHILCO 

\ 
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1 
I 
8 
8 

$2 I d  0 A 1 B 2 C D 3 E 

1.0 09001 CAT001 10001 CAT002 READ 11001 , CAT003 . 
4 3.0 09002 CAT004 10002 CAT005 READ 11002 CAT006 

4.0 09001 CAT001 10001 CAT002 ADDS SAT001 

4.1 PREP 4 

4.2 0 0 0 0 ~  000001 VARY 000001 

I 
I 

I 

4 .3  SAT001 11001 CAT003 ADDS SAT002 

8 .  4.4 BACK 

5.0 SAT005 m S  

H4LT 6.0 - ~~ 

TABLE 

IQfAMpLE PSEUW) mTRUCTIONS 

3 

I \ 

8 
8 
I 
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5. Opera t ion SubprORram6 

The operation rubprogram perform operationr on the matrices, read 

input and write output, and then re turn control to MPC. 

a l i 6 t  of r~bprogramr, their input and output formatr, and the rcratch taper 

they use if any. 

The following I s  

I 

TABU 5-1 

OPEBATION SUBPlLoGRAH FORMATS 

Subprogram Input Fornut Output Fornut Scratch Tapes Used 

ADDS 

SUBS 

MULT 

ROOT 

CHOL 

CHIN 

I T E R  

WASH 

FLIP 

SORT 

CODE 

DECO 

COLS 

ROWS 

B I L D  

B&AD 

INKS 

Coded 

Coded 

Coded 

Precoded , , 

Coded 

Coded 

Coded 

Coded 

Coded 

Coded 

Precoded 

Coded 

Codad 

Coded 

Elmen t Da ta 

Coded or precodad 

Coded or procoded 

Coded 

Coded Same conmuanto as ADDS 

Coded 

Tape 8 w i l l  be used i f  core 
caanet contain r e su l t r .  

Tape 8 may be used 

Precoded 

Coded 

Coded 

Coded 

Coded 

Coded 

Coded 

Coded 

None,. . 

Taper 7 and 8 are both usid 

None 

Taper 7 and 8 are both ured 

None 

T a p  8 may be used 

Tape 8 may be used 

None 

Preceded None 

Coded None 

Coded None 

Coded None 

Coded o r  precoded None 

\ 

Coded or precoded None 
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Most of the operation subprograms use the (DAT) region in  COMMON storage 

t o  s tore  matrices. They also w e  the other parameters i n  COMMON storage as 

switches ia direct ing subprogram flow. 

The charac te r i s t ics  shardd.,by a l l  the operation subprograms are grouped 

together in a separate description en t i t l ed  NAMX on the  following pages. 

This is not a subprogram but a variable t i t l e  which can apply t o  any of the 

operation subprograms. The individual write-ups fo r  the operation subprogram 

follow the write-up entitled NAMi. 
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Operation Subprograms: NAME, T i t l e  of any Xndividual Subprogram 
NAME is not a spec i f ic  subprogram. 
t i t l e  referring to a l l  the other  subprogram. 

It is  a variable  'I 
1, 

. 't 

I 4 

1 

Purpose: 

Restrictions: 

Description of program function. which are common t o  nearly t a l l  of 
the subprograou . 

(1) 

(2) 

Single-preciaion real term f loa t ing  binary arithmetic is used. 

Data formats must be doded o r  precoded and row o r  column l i s ted .  
Input matrices must be sorted,  row l i s t e d ,  and coded unless s t a t ed  
otherwise . 
A ,  B ,  and C matrices must be on d i f fe ren t  tapes unless one is known 
to  be i n  core and no tape assignment given. 

(3) 

Method: Format, l i s t i n g ,  and ehape requirements are checked. A l l  these 
inconsistencies a r e  reported before, the non-corrective e r r o r  e x i t  i s  
taken. I f  core i s  too small to handle the data, the flow disrupt  e r ro r  
i s  taken. I f  the matrices f i t  i n  core, a l l  operations are &ne i n  core 
and, i f  possible, the resu l t  l e f t  i n  core and optionally wri t ten on 
tape. 
described where appropriate. 
course of calculations (such as non-positlve-definiteness and f a i l u r e  
of i t e r a t i o n  convergence) a re  t reated as non-corrective . 

The procedure for  dnta handling when core is  too small is 
Errors i n  the data discovered i n  the  

Usage: 

(1) Calling sequence is  CALL CHAIN (I, 3) where I is  the subprogram 
ident i f ica t ion  number and 3 the s t ruc tura l  analysis  oystem (SAS) 
program tape. 

Subroutines and subprograms referred t o  include only those in SAS, 
Host subprograms use COINS and TAPES as.subroutines.  

(2) 

Coding Information: 

(1) COMMON contains t h e  following one-dimensional arrays: 
ABA: 20 possible logic  pseudo codes 
ABB : 
BUR: 
NCE: 
TRA: 
%OD: 
NLD: 
NBD: 
REE: 
WRY: 
DAT: 

100 possible operation codes 
The 12 words of the current pseudo instruct ion 
The 1 word er ror  indicator 
The 30 words for  the A, B ,  and C matrix ident i f ica t ion  data, 
The 5 word region fo r  forming and decomposing codes 
One word defining the dimension of DAT 
One word defining the number of blocks i n  DAT 
The 120 word storage region fo r  reading tape blocks 
The 120 word storage region for  writ ing tape blocks 
The region for data storage containing N I 9  locations 

COMMON (each subprogram iden t i f i e s  only those arrays addressed 
by thnt par t icu lar  subprogram) . 
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BUR must not be changed by a subprogram. 
with only the integer  data i n  BUR (2), BUR (5), and BUR (9) and 
BUR (12). 
and thc rubprogram control information respectively. 

NCE l r ' e e t  eero before entry to the subprogram. 

e r r o r  i o  Indicated by NCE - -1. 

TBA i e  modified by the rubprogram to  characterize the subprogram 
output data. 
The first e ight  words i n  each group are the matrix ident i f ica t ion  
data. 

Subprograms are concerned 

Theee are the tape numbers of the A, B ,  and C matrices 

Upon return,  a 
non-corrective error i e  indicated by NCE - 1. A flow disrupt  \ 

NCE 0 indicatee no er ror .  
\ 

I 

This array consiete of three groups of ten words. 

Theee words have the following form and interpretat ion:  

1. Alphabetic: Matrix letter designation 
2. Integer: Matrix numeric derignation I 

3. Integer: Number of data blocke i n  the matrix 
4. Integer: Number of rowe i n  the matrix 
5. Integer: Number of columns i n  the matrix 
6 .  Integer: Meting indicator  -1, r o w  l i e t ad ;  0 ,  unsorted; 

7. Integer: Coding format 0 ,  coded; 1, precoded 
8. Integer: Tape group number 
9. Integer: Index locating data i n  DAT. 

fo r  reading . 
can be read in to  DAT (-index value)'.. 

+1 colunrn l i r t e d  

I f  >O,  matrix is i n  core a t  DAT (index value). 
I f  - 0 ,  matrix is not  i n  core and tape l e  not posit ioned 

I f  < 0 ,  matrix i e  on tape, tape i e  positioned, and matrix 

10. Integer: I n i t i a l  T U  index of ident i f ica t ion  data for a 
matrix TRA (10) locates A matrix ident i f ica t ion ,  T U  (20). B, 
and TBA (m), C. 

Only items 3, 4, 5, 6, 7, and 9 can.be eupplied by the subprogram. 

The output tape i s  6 .  The input tape i s  5 .  
d i rec t ly  f o r  comments. 
addressed, need not be wri t ten i n  block format and must be l e f t  
rewound upon exit  from a rubprogram i f  they are ueed fo r  i n t e r -  
mediate s torage . 
Each'subprogram must be given a designation denoting i ts  input and 
output l imitat ions.  This designation is  used by Master In te l l igence  
and consiets  of four numbers, The f i r s t  number i s  the chain iden t i -  
f ica t ion  number; the eecond, the idenhity of input matrices required 
i n  core upon subprogram entry; the th i rd ,  the iden t i ty  of input 
matrices permitted i n  core; and the fourth,  the number of output 
matrices required. 
pseudo inr t ruc t ion ;  output matrices from r igh t  t o  l e f t .  
i den t i ty  of input matrices i s  a binary coded number where b i t s  
correspond to the A, 8 ,  and C posit ione respectively. 
s ix ,  fo r  example, the A and B matrices are denoted. f f  two only, B .  
This designation appeorr in  the coding infonuation of each subprogram. 

These are addressed 
Scratch tape8 (7 and 8) may a l so  be d i r ec t ly  

Input matrices are counted from the l e f t  on the 
The 

I f  t h i s  is 
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The non-corrective error designated ao a machine error is  used to  
indicrto th4t a p8r.mrter h8r 8m-d an 4,u~orriblo vrluo during 
the course of the calculationr. 

A l l  subroutines are closed. 

Identiflcatlan of matrices read from tape are checked by the operation 
subroutine. 
f i l l  the las t  block er bo ended by a toto in the las t  block. 

Coded outricer written on tape by the subroutine must 

i 'i 

i 

5 4 
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Opera t ion ~ u b p r o g r h :  
+ .  

Purpore: To form 

Re8 t r ic  t ionr  : 

(1) Tape 8 

ADDS, Xatrix Addition 

C = A + B where A, B, and C are coded matrices 

cannot be u e d  for  A, 8, or C 

(2) None of A, B, or C need f i t  i n  core. 

Method: I f  both matrices are i n  core, they are moved together and 
oorted as a one-dimenoional a r ray  uoing SORTS. 
matrix i o  on tape i t  i s  read i n t o  core by block and mixed 
with the i n  core matrix unt i l  cor. is f u l l .  The rest of 
the operation is the rame a8 SORT. I f  ne i ther  matrix i 8  

I f  one 

' . '  :;I 
Usage: 

i n  core blockr of the  
(ueing MIXES). Block 
core or both aatricer 
method i 8  tho row 88 

(t) Calling sequence 

A matrix are read and Mixed i n t o  core 
reading and mixing continue. u n t i l  
a r e  exhaurted. The r d n d e r  of the  
SORT 

is CALI, CHAIN (8, 3) 

(2) Thio oubprogram use8 TAPES and SORTS a8 rubroutine8. 
(See SORT for a description'of SORTS). 
but not entered. Thi8 i 8  becauoe SORTS uoeo COINS fo r  
some applicationr,  but not t h i r  one. 

COINS i o  required 

(3) Thio subprograai may ure rcratch tape 8 fo r  intermediate , 
I torage 

I PHILCO ' 

Coding' Information: , . .  

Subprogram &ripat ion i r  ( 8 ,  0 ,  6, 1) 

WESTERN DEVELOPMENT LABORATORIES 
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Opera t ion Subprogram: SUBS, )In trf x Sub t rac  tlon 
\ 

Purpoaer To dorm C - A - B where A, B, and C are coded matrices i 
Rertrfctionr:  

(1) 

(2) 

Tape 8 cannot be uoed for A, B,  o r  C 

None of A, 8, or C need f i t  i n  core 

Method: The ptocedura la the eatne as for matrix addition (ADDS) . 
On the f i r e t  pars through the B m t r i x ,  signs of the 
elementr a r a  changed, however. 

-:P _. 
d 

Usage: 

(1) 

i 

Calling sequence i r  CALL CHAIN (17, 3) 

Thio rubprogram uies TAPES and SORTS as oubroutfneo. 
(See SORT for  a dercrfption of SORTS). 
not entered. Thfr l r  because SORTS w e e  COINS i n  some 
applicatione,  but not thie one. 

COINS is  required but 

Thir rubprogram may use eeratch tape 8 for intermediate 
storage 

* ,  
Coding Informetion: 

Subprogram deefgnrtlon i r  (17, 0 ,  6, 1) 

\ 
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Operation Subprogram: MULT, Xatr ix  Mu1 t lp ly  

Purpose: To fohp the matrix product C - AB where  A, B, and C 
are aaded. 

Bas t r i c  tions: 

(1) The B matrix murt be coluam l i r t ed .  

(2) Either A or B must f i t  fa core * .  

(3) C must be written on tap. 

(4) The l i s t i n g  of C depends on whether or not A i s  in  
core during the  mu1 t ipl icat ion.  

Method: I f  A and B f i t  in core, A is multiplied by B and the 
resu l t ing  matrix l i s t e d  by column on the matrix output tape. 
If a is i n  core and B doer not f i t ,  A i o  multiplied by B 
and the par t i t ioned r e su l t s  wri t ten on scratch tape. 
is then used to  sort the complete C matrix by column and write 
the r e su l t  on the matrix output tape. 
core, the par t i t ioned C matrfx i r  written on the scratch tape 
and SORTS used to oort thr C matrix and list it by row. 

SORTS 

If A doer not f i t  i n  

Usage: 

(1) Calling requence i o  CAU CHAIN (9, 3) 

(2) 

(3) 

Thio cubprogram use9 COINS, TAPES, and 

This subprogram may we scratch tape 8 
storage I /  

Coding Xnforma tiont 

The cubprogram darrigaatfm f8 ( 9 ,  0 ,  6, 1) 
-7 

PHILCO 

i 

SORTS as subroutines 

#or intermediate 

1 .  
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i :.I . . .  

Operation Subprogram: BOOT, Symatric Matrix Booto 

Purpooer To obtain the l a t en t  roote and vector. of A, a equara, sylrPmetric 
matrix 

8 

IZestric tione : 

(1) The A matrix 
preetored in 

(2) Matrix order 

must be i n  precoded format, square, oymmatric, and 
the f i r r t  part of the data region. 

muot be greater than 1 and less than 96.  

Method: Givens' method (See Modern Computing Methods, Philosophical Library, 
1961, p. 30, 31) is uoed. Matrix shape, eize,  format and syametry are 
checked. Syonnetry is required t o  four s ign i f icant  figures. I f  the 

, matrix is too large,  the flow dierupt e r ro r  exit i o  taken. I f  the roots  
can be obtained, the matrix in expanded i n t o  a two-dimensional a r ray  
and ANF402, a SHABE FORTRAN subroutine is used to ge t  both the roote 
and vectors. Vectoro are given the B matrix. designation; and roots ,  the 
C matrix designation.. Vectors a r e  of un i t  length. 
matrix are taken to be those of the A matrix. Column codes of the B 
and C matrices a r e  numbered i n  sequence. Matrices are rewrit ten i n  
precoded format and written on tape i f  required. 

Row codas of the  B 

Usage: 

(1) Calling sequence ie CALL CHAIN (15, 3) 

(2) Thir subprogram use8 ANF402 ( S U R 8  PORTaAN subroutine) as a subroufina. 
The TAPES eubroutine of SAS i o  a100 required. 

Coding Information: 

(3) 

- (4) 

Machine t i m e  fs proportional to matrix order squared. 
bound on t i m e  i s  T n (1/20)N2 where T ir i n  seconde and N the  
matrix order. 

An upper 

\ This routine may f a i l  to locate a l l  vectors for multiple roots.  I 
In  any case, there vector. are generally not  mutually orthogonal. 

Underflow may occur with predominately zero o r  near zero matrices. 

A small increase i n  matrix order handled (one o r  two orders) can 
be achieved by rearrangemant of erasable storage i n  conformance 
with f i n a l  system etorage asoignment. If only l a t en t  rooto are 
desired, batrix order can be increased to 140 x 146 by a 
reassembly. 

The subprogram b r igna t ion  i o  (15, 4, 4, 1). 

I 

t PHILCO WESTERN DEVELOPMENT LABORATORIES ~ 

'\ 



, h .  e 5-10 

Operation Subprogram: CHOL, Simultaneous Equation Solution Ucing Choleoki 
Triangular Decampoei t ion 

Purpose: To fom C - A'lB where A i r  a square por i t ive  de f in i t e  matrix 
and B a ea t  of vectorr. 

Be e t r i c  tioao : 

(1) A must be on tape. A must be square and poeLtive de f in i t e  and 
is tt88~i18d @ytmmBtriC.  

(2) B must be on tape and be l i s t e d  by column. 

(3) . C must be wri t ten on other  than the B tape and w i l l  be coded 
and row l i s ted .  

(4) The diagonal and uppar tr iangular pa r t  of A must f i t  i n  core 
i n  cariabla band form along with two f u l l  columns of the 
B matrix. 

Method: Coded elemsnte of A are  read and a table of d i s t inc t  codes 
compiled. 
followed by the code table. The A matrix is then read i n t o  core 
and put i n  variable bandwidth form, a l i s t  of the locatione of 
the last  element i n  each r o w  being formed. A Le then decompoesd 
such that  U UT - A. 
the matrix i e  not poeitive def in i te  and the non-corrective e r ror  
e x i t  is taken. The oquatione - B are solved, y replacing B 

B i s  treated separately and columns of C writ ten on the ecratch 
tape. Finally, the columns of C are read from the ecratch tape, 
coded, and writ ten on the output matrix tape. Columns of C are 

The coded B matrix is read and wri t ten on ecratch tape 

I f  square roote of negative numbera are required 

i n  core. Then, LTU - y l e  eo Li ved, U replacing y. Each column of 

1 numbered i n  sequence, 
. ., . 

Usage: 

(1) 

(2) 

(3) 

Calling sequence i r  CALL CHAIN (13, 3). . 

Thin eubprogram uses COINS and TAPES as subroutinee. 

This subprogram usee both ecratch taper f o r  intermediate 
data storage. 

The C matrix w i l l  be l i s t e d  by column and w i l l  contain elements 
for  every row of the A matrix. 

I f  an extra  row is included i n  the 8 matrix, a comment is 
printed,  t h i s  element is ignored, and calculationc a r e  
continued . 

(4) 

( 5 )  

Coding Information8 

(1) Maximum matrix s i ze  i r  6666 x 6666 with no p rac t i ca l  l i m i t  on 
the number of columns in the B matrix. A c t u a l  size l imi t s  

PHILCO 
WESTERN DEVELOPMENT LABORATORIES 
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depend, on the average bandwidth by N = 20000/(3 / b) where b 
i r  thelaverago number of elements i n  the band not including 
the diagonal. 
given problem, by nuubering the noder so that the band i o  kept 
t o  a minimum and increased ar slowly as porl ible .  The program 
ir intended to hendla the rolut ion of rimultaneous equations fo r  
r t ructurer  with st i f fner r  matrices o f  order 2 x 2 to  500 x 500. 

The maximum matrix size is at ta ined,  for  a 

(2) The Choleeki algorithm is a rubroutin. contained wighin t h i r  
rubprogram. 

The non-correctiv. ex i t  is talcen i f  A is not por i t ive  de f in i t e  
o r  no tap. ersignment is given for C or  wall or for format, 
rhape, and l i s t i n g  error. 

The rubprogram Qaiwt ion  i o  (13, 0, 0 ,  1) 

(3) 

1 .  

(4) 

I 
I PHILCO 

\ 
, 
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matrix 

Purpose: 

Res t r i c t ion r  : 

To form B - U where U UT - A, and C = Uol 

(1) A must be on tape. A muat be square, pos i t ive  def in i te ,  and 
i 8  asstPrSed S m t t i C ,  

(2) 

(3) 

B and C w i l l  be coded and f i s t e d  by row. 

The diagonal and upper tr iangular pa r t  of A munt f i t  i n  core 
with two vectors of a length equal to the order of the A matrix. 

Method: Coded elements of A are read and a table  of d i s t inc t  codes compiled. 
The "A" tepa is backnpaced and reread and the matrix put i n  variable 
bandwidth form, a list of the lar t  element i n  each row being formed. 
A is then decomposed such that U UT - A. 
numbera a r e  required, the matrix i a  not ponitive def in i te  and the 
non-corrective e r ro r  e x i t  is taken. 
and the r e s u l t  coded and may be l e f t  i n  core and optionally written 
on tape. 

I f  square roots of negative 

U'' is  formed in core, defining C, 

It w i l l  be l e f t  i n  core i f  i t  can be contained there. 

Usage: 

(1) Calling sequence l o  CALL CHAIN (12, 3) . 
(2) This subprogram uees COINS and TAPES a s  subroutiner. 

(3) Code numbers i n  C w i l l  correspond with those i n  A. 

Coding Information: 

(1) Maximum matrix size is 6666 x 6666; actual  l i m i t  depends on the 
bandwidth which can be effected by the choice of node numbera 
i n  the problem. 

(2) The decomposition and inversion is a separable subroutine of 
t h i r  nubprogram. 

The non-corrective exit is taken i f  A i a  not pooitive-definite 
as  w e l l  ar for format, shape and l i s t i n g  errore.  

SubprogrA designation is (12, 0 ,  0 ,  1). 

(3) 

(4) 

PHILCO WESTERN DEVELOPMENT LABORATORIES 
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Operation Subprogram: ITER, Simultaneous Equation Solution using Accelerated 
Seidel I terat ion 

Purpose: TO fom c - A - ~ B  where A is a square por i t ive  de f in i t e  matrix and 
B a @et of vectors 

Restric t ions : 
'$ 

(1) A must be square and have non-zero diagonal elemants. 
w i l l  not converge i f  A is ind8finite.  

Tha i t e r a t t o n  

(2) B mu8t be l l r t a d  by CO~\ IW.  

(3) Two columns of C must f i t  i n  core simultaneously. 

(4) C w i l l  be wri t ten i n  coded format, l i s t e d  by colwnn, but not sor ted 
within tho column. 

( 5 )  A, B, and C must be writ ten on tape and must be on d i f fe ren t  tapes. 

Method: Core storage i s  reassigned and tapes repositioned i f  necessary. 
As much of A as w i l l  f i t  l r  read in to  core, recoded, and diagonals 
check to be non-zero. The rest of A, i f  any, is  s imilar ly  t reated 
by blocks and put on the two scratch tapes. 
is read in.  
then additional B blocks are read and rows relaxed u n t i l  the f i r s t  
column of the C matrix has been changed. When e i the r  the required 
accuracy o r  maximum number of i t e r a t ions  har been obtained, the 
columns are wri t ten i n  blocks on the output tape with column coding 
matching the B column designations. 
i n i t i a l  guess and s t anda rd  Seidel i t e r a t ion  i r  ured for  the  f i r s t  
cycle. 
relaxation factor.  For the f i r s t  column of C t h i s  is defined as 1.50. 
When successive estimates of the l a t en t  root d i f f e r  by less than 
1/1000, and a t  l e a s t  ten percent of the i t e r a t ions  have been performed, 
a new estimate for  the overrelaxation factor  i s  formed using Young's 
formula ("Iterative Methods for  Solving Partial Difference Equations 
of the E l l i p t i c  Type," Trans. Amer. Math. SOC. Vol. 76, p 92) .  

The f i r s t  block of B 
Rows corresponding to  the f i r a t  B block are relaxed and 

A nul l  vector is taken as the 

Successive i te ra t ions  a re  performed uring an adjusted over- 

Usage: I 

(1) The ca l l ing  sequence is  CAU CHAW (11, 3) . 
(2) This subprogram u8es COINS and TAPES as subroutine8, 

(3) Printout of i t e ra t ion  progreso may be obtainad by uoing a 
negative E f io ld  lnput i n  tha pseudo instruction. 

PHILCO WESTERN DEVELOPMENT LABORATORIES 
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I 
J 

,.' 
C 
I 

.. 

(4) I f  a number is includ-d i n  the E f i - ld ,  i t s  upper d i g i t  defines 
the number of s ignif icant  f igures of  accuracy required and the 
lower three, tho maximum number o f  cycler of i t e r a t ion .  I f  the 
upper q g i t  i s  zero, 3 rignificanf f igures  are required. 
lower d ig i t s  a re  earn, n/3 i t e r a t ions  ara tolerated where N is 
the matrix order* 

Both scratch tapes aro usad by the program even though matricas 
may f i t  i n  core. I 

I f  the 

( 5 )  

Coding Information: 

(1) Maximum matrix s i z e  i s  10-0 0 x 10,000. 
i n  core operation i s  k k 
percent of non zero elements i n  tha matrix. 

ximum s ize  for  a l l  - 92 + 40 000 9 where k is the 

(2) Recode is writ ten ar a subroutine i n  t h i s  subfunction. It recodes 
the matrix, forming a code table, and check8 for  zero diagonals. 
Recoding cons i r t r  of  negative numbers f o r  diagonals and new rows. 
Nutnbers are tha indices of tha C element required in the matrix 
multiplication. 

(3) Column codes of the C matrix are choren .to correspond with those 
of B. 

(4) I f  convergence is not obtoinad i n  the permitted numbar of cycle., 
the error exit  i o  taken. 
is zero or no tape aarfgnment fr gtven for output .  

Thir e x i t  is also taken if a diagonal 

( 5 )  The oubprogram designation is 

1 .  

PHILCO 

\ 
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Opera tion Subprograqu WASH, Special M t r i x  multiplication 
: 

Purpose: To pre- and post-multiply a square matrix by a diagonal 
matrix where only the non-unit elements are supplied, 

Res t r i c t ions  : 

(1) The A matrix must f i t  i n  core. 

(2) 

Method: 

The B matrix need not be sorted. 

A l l  A matrix codes are decomposed and checked to see i f  only 
diagonal elements are included. 
row codes. 
Treatment consis ts  of decoding. 
correspond the element i o  l e f t  unchanged, For each code component 
of a B compound code that matcheo an A coda, the Corresponding 
elements are multiplied. Zero elements are dropped and the matrix 
clinched up accordingly. The C pvrtrix i o  l e f t  i n  core o r  wr i t ten  
on tape as required. 
during calcula tion. 

Compound codes a re  replaced by 

When nei ther  row o r  column codes 
Blocks of the B matrix are t reated,  one a t  a time. 

Both the A and B mtricer are deotroyed 

Usage: 

(1) Calling oequenco i s  cHA];N (10, 3). 

(2) TAPES and COINS rubroutineo are required by th io  subroutine, 

Coding I n  forma t ion I 

(1) I f  the B matrix w i l l  f i t  i n  core, the C matrix w i l l  alwoyo 
f i t  i n  core. 

(2) I n  addition to  format e r rors ,  the non-corrective stop i s  taken 
when elemento of the A matrix are not on the diagonal o r  i f  a 
zero code is introduced before the l ao t  element. 

(3) 

(3) 

A flow disrupt  e r ro r  is taken when A all not f i t  i n  core. 

The subprogram designation is (10, 4, 6, 1). 
, 

I 
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Operation Subprogramt FLIP, Matrix Tran8pOre ‘0 Purpore: 

Rertrictionrt 

To fona C, tho tranrpore of the A matrlx 
I 

(1) 

(2) 

Neither A nor C need f i t  in core 

A 8nd C cannot be on the rame tape 

Method: Row and column code 
indicator changed. Thur 
is  row l irted.  

Usage: 

(1) Calling requence l r  
5 

CALL CHAXN (5, 3). 

(2) Thir rubprogram uaer TAPBS end COINS a8 rubroutine8. 

Coding Informa tlon: 

Subprogram dorignation i r  (5, 0 ,  4, 1) 

, 

\ 

I 
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Operation Subprogram: SORT, Matrix Sort  and Union 

Purpose: To order the A matrix, a codad matrix, by arcending coda8 
adding elemantr with the same code. 

Rastrictionr:  

(1) The matrix must be i n  coded format 

(2) 

Mathod: 

Neither the input nor the output matrix can be on tape 8 .  

I f  the matrix i r  i n  core o r  f i t  i n  core, i t  i s  sorted 
and wri t ten on tape, if required. 
core, core is  f i l l e d  and sorted and the resu l t ing  pa r t i t i on  wri t ten 
on the scratch tape by block. 
mixed so that a f t e r  the  entire matrix is passed over the lowest 
element numbers remain i n  core. Each sorted block is a l so  wri t ten on 
the rcratch tape, The l o w e s ~  "slab" i n  core i r  written from core 
onto the output matrix tape. The rcratch tapa is then read a multiple 
number of timer, the s lab of the next lowest codes and cwresponding 
elementr being extracted i n  each parr and wri t tan on the-output tape. 

I f  the matrix does not f i t  i n t o  

The remaining blocks are sor ted and 

\ 
Uoage I 

I 

\ 
(1) 

(2) Thir subprogram urea TAPES a8 a subroutine. COXNS i r  

Calling sequence i r  CALL CHAIN (14, 3). 
I 

required but not enterad i n  the SORT option, 

(3) This subprogram may use 8 ar a rcratch tape fo r  i n t e r -  
mediate e torage. 

Coding Information: I 

(1) This subprogram includes SORTS as a subroutine and MIXES and 
ORDER as subfunctions of SORTS, 
dimensional array by increasing code, MIXES col la tes  two 
one-dimensional arrays summing elements i n  the intersection. 
SORTS d i r ec t s  flow and handles recoding when required 
(as i n  FLIP, MULT, COLS, and ROWS). 
these subroutines are  a1 followe: 

ORDER rearranges a one- 

Calling raquences fo r  

CALL SORTS (M, N, NI) 
M is the sor t ing indicator 

-1 ,' order code8 (with elements) \ 

0 ,  interchange row and column numbers i n  codes before 

1, interchange row and column numbers i n  codes before 
o r  der ing 

and a f t e r  ordering 

N i o  the number of matricer involved (one o r  two). I f  
N< 0 ,  -N i s  the number of blockr on the ecratch tape and 
HULT is the operation, 

PHILCO WESTERN DEVELOPMENT LABORATORIES 
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WI i s  tho union indicator 

1, add matrices A and B 
-1, subtract matrices A and B 

CALLMIXES @UT, KUP) 

KUT i o  the highest code for which sorting i s  complete. 

KUP i s  the index of the lart  code i h  the DAT region. 
may be 8 tored two locations beyond this location upon entry to XIXBS . New coder 

CALL ORDER (ADO 

A is the array to be orderod 

8 
PHILCO 

L i r  the array index of tho lost coda i n  the array 

The subprogram designation i s  (14, 0 ,  6, 1) 

\ 
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Operation Subprogry: CODE, Matrix coding and ceatract ion 
1 

Purpore: To put A precodrd u t r i x  in coded format ox reuua a codad 
matrix 

.*.# 
' I  

' .  i 

Restrictions z 

(1) Input and output matrix taper murt be d i f fe ren t  tape. 

(2) A l l  coder from the preceded matrix mu8t f i t  in core 

(3) Output w i l l  be in tha a9p54 rwt as input 

Method: I f  already in coded format the matrix i s  read from tape, 
renamed, and wri t ten en the  output matrix tape, m e  block a t  a 
t i m e .  
read i n t o  core one block a t  A time. Codes ate generated f o r  
the nen-zero elemeatr from tho row and column d&sigaationm. 
The output is writ ten on the output matrix tape by block and 
followed by the ident i f ica t ion  block. 

I f  not, a l l  coder are read into cere. Element8 a r e  

Usage: 

(1) Calling reqwnce i r  CALL CHAIN (6, 3) 

(2) h i 8  subprogram require8 COINS and TAPES a8 8ubroutinar. 

Coding In fo rm tion: 

(1) It w i l l  be desirable to include the capabi l i ty  o f  aIl-csre 
opera t ion i n  th i8  oubpregram t o  increase execution rpeed 
i f  extenmive use i s  ma& of this 8ubprOgrtm. 

(2) The nubprogram designation i r  (6, 0 ,  0 ,  1) 

1 PHILCO 
L> 
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c 

J 8 

Opera t ion Subprogram: 

Purpose: To put 8 
matrix 

Restrictions:  

(1) Input and 

(2) A l l  codes 

DBCO, Matrix decoding and expansion 

matrix i n  procoded format or rename a 

output matrix taper must be d i f fe ren t  

precoded 

tapes 

of the precoded matrix must f i t  i n  core, 

(3) Output w i l l  be i n  the same l i s t i n g  as input. 

Method: I f  already precoded, the matrix is read from tape, renamed, 
and wri t ten on the output matrix tape, Alternately,  the coded 
matrix i s  read from tape, a block a t  a t i m e ,  a t ab le  of unique 
row and column codes i s  formed and wri t ten on the output matrix 
tape. 
matrix stored i n  blocks and wri t tan on tap., Zero elernentr are 
supplied as required, 

The matrix i r  then reread and elements of the precoded 

8 Usage: 

(1) 

(2) 

Calling reqwnce is CAU CHAIN (7, 3) , 

This rubprogram ure8 TAPKS and COINS ar oubroutiner, 

Coding Information: 

(1) It w i l l  be desirable  to include the capabi l i ty  of all-core 
operation i n  t h i r  rubprogram i f  extenrive ure is made of 
t h i e  subprogram, 

The subprogram derignation i 8  (7, 0 ,  0 ,  1) (2) 

\ 
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Operation Subprogrdm: COLS, Matrix Column Wate r  

Purposa: To r e i o r t  matrix, i f  necerrary, SO i t  is l i r t e d  by column. 

Rea t r ic t ions :  

(1) 

(2) 

Input and output matrix taper must differ. ,  

Matrix must be i n  coded format 

Method: I f  the matrix i a  already column l io ted  a comment i o  pr inted 
aad the matrix wri t ten on tape i f  required. 
and column designations are interchanged i n  the codes and the 
matrix sorted. Aftar sorting the codeo are returned to t h e i r  
o r ig ina l  s ta tus .  

Otherwise, the row 

Uoage: t 

(1) The ca l l ing  requence f 8  CAU CHAIN (3, 3) . 
(2) This program require8 TAPES and SORTS ar oubroutiner. 

Coding Information; 

A flow dlrrupt  e rmxoccur s  i f  the matrix l r  i n  precoded 
format. 

Mort of thir  routine is ured fo r  both BOWS and COLS. 

The rubprogram demignation i r  (3, 0 ,  4, 1). 

\ 
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Operation Subprogram: ROWS, Matrix Row t i o t e r  

To resort a matrix, i f  necessary, so i t  i o  l i s t e d  by row. Purpose: 

Res tr ictiona: 

(1) 

(2) 

Input and output matrix tapee must d i f fe r .  

Matrix must be i n  coded format. 

Method: I f  the matrix is already row l i s t e d  8 comment is printed 
and the matrix wri t ten on tape i f  required. Otherwise, the 
row and column designations are interchanged i n  the codes 
and the matrix sorted. 
to the i r  o r ig ina l  s ta tus .  , 

After sor t ing the code8 are returned 

U,sage: 

(1) The ca l l ing  oequence is CAW, Bow (4, 3) 

(2) This program requires TAPES and SORTS ao rubroutines 

i PHILCO 

Coding Information: 

(I) 

(2) 

A flow disrupt e r ror  occurs i f  the matrix i o  in 
precodad format 

Most of t h i s  routina i o  uoed for  both ROWS and C O S .  

WESTERN DEVELOPMENT LABORATORIES 
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Operation Subprogram: READ, Read a matrix from cards 

Purpose: 

Res t r i c  t ions : I 

To read a matrix from the input tape and store i t  i n  core or on tape f 

J 
' I  

.t 8 

I 
I 

(1) 

(2) 

(3) 

(4) 

that required and the matrix data read uring the ident i f ica t ion  infor- 
mation. 
t i m e  . 

The ident i f ica t ion  card must precede the matrix. 

The matrices must be i n  the sequence i n  which they are cal led by 
the pseudo instruction. 

Matrix date may ba i n  coded o r  precoded format. 

Matrix data murt match ident i f ica t ion  information. 

Method: The ident i f icat ion card is read. The matrix number i s  checked with 

The matrix is read and s tored in core o r  on tape one block a t  8 

Usage: 

(1) Calling sequence i r  CALL CHAIN (1, 3). 

(2) TAPES and COINS a r e  used as subroutiner. 

The ident i f ica t ion  card must be i n  format (A3, I3), 516. 
It contain8 the following data: 
(A3, 13): The alphanumeric ident i f ica t ion  of the matrix. The 

(16): 
(16): 
(16): 
(16): Listing: -1, l i s t e d  by row; +1, l i s t e d  by column 
(16): Format: 0 ,  coded; 1, precoded 

numeric designation must be greater than zero. 
The number of  input cards i n  the matrix 
The number of  rows in the matrix 
The number of columns i n  the matrix 

(4) Coded matrice8 must be i n  format (3(2(1S,Il), F12.0)) 
each card i s  interpreted as follows: 
(15, 11): The row ident i f icat ion number 
(15, 11): 
(F12.0): The mat r ix  element 

Precoded matrices must have row and column ident i f ica t ionr  i n  
format (12(15, 11)) and elements i n  format (6F12.0). 
Codes nus t precede matrix elements. 

Data on 

The column ident i f ica t ion  number 

(5) 

Coding Information: 

(1) 

(2) 

This program.contain8 the subroutine CR which is  used to s tore  the 
matrix i n  core. 
The non-corrective error  exit is taken i f  ident i f ica t ion  does not 
match that of the pseudo card o r  i f  a zero code i o  used i n  a 
precoded matrix. Forazat errore  w i l l  a160 occur i f  cards are 
improperly punched. 

The subprogram designation is (1, 0 ,  0 ,  3). (3) 
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Operation Subprogram: INKS, Matrix Pr in te r  

Purporar 

Restrictlonr: (1) Precoded matrices must f i t  in core. 

Te p r i n t  out  the A, 8 ,  and/or C matricer ar requirad, i n  o i thor  
coded o r  procoded f o w t  

(2) H e a d e r  carde are pr intad out  with tho "A" matrix only. 

Method: A l l  in-core matricas ts be pr intad are printad f i r s t .  Then a l l  
on tape matrices required are printad. For precoded matrices the 
e n t i r e  matrix is read into core a block a t  a time and then printad.  
Pre-coded matrices ara par t i t ioned ver t ica l ly .  
paga contains the matrix nama, sequential page number, and appro- 
p r i a t e  row and column heedlngr. The page folilowlng the las t  page 
with matrix p r i n t  out contain8 a statemant giving the matrix nama 
and the t o t a l  number of pages o f  pr intout  fo r  that matrix. 

Each pr in ted  

Usage: 

(1) 

(2) 

Calling raquonce is CALL INKS 

Thio subroutine raqufrer TAPES and COINS a8 subroutines. 

(3) The Tieador Card" format is 12A6. Information in card 
columns 1 to 72 inclusive i r  p r i n k d .  

'. 4 (4) The number of Tieader Carddo t o  be,raad is entered in the 
E f i e l d  of tho pssud. ins t ruc t ion  card with format IS. 
The maximum valuo of t h i r  integer  is  32767. 

Coding Informa tien: 

(1) This subroutine double rpacas tha matrix p r i n t  out. Comment 
cards indlcata the location of changas neca8.sery t o  s ing le  
space the matrix p r i n t  out. 

Data in the DAT region, beginning a t  the bottom, i s  das- 
troyed by a prrcoded amtrix read from tapa. 

\ matrix wi l l  occupy the f i r s t  1ocatlQne. 

(2) 
: The precodad 

(3) 

(4) 

Format stateamnts are not compatible with the Philco 2000. 

I f  the XD of an on-tape matrix t o  be printed does not  agraa 
with the  I D  of the matrix en the pseudo instruct ion card, 
an arret p r i n t  out is made and flow disrupt a x i t  takan a f t e r  
a l l  matrices are handled. 
f i t  i n  core an e r ro r  comment is printed out. 

I f  the precodad matrix w i l l  not  

PHILCO WESTERN DEVELOPMENT LABORATORIES 
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60 BILD Subroutines 
I 

Tha pu-orre of the B U D  Subprogram i s  to control flow between the 

various matrix generator subroutines. The flow is as follows. 

a BILD command, HPC relecto the BID subprogram from the l i b ra ry  tape, read. 

On rece ip t  of 

i t  i n t o  core and transfer8 control to i t ,  B I D  then direct8 the reading o f  

material  t ab l e s  and input dam for  each s t ruc tura l  element, checking of the 

data, and eelec t ing the appropria ta genera t ion subroutine . 
The BID usage writeup appear8 on the pager following, An explma- 

t ion of i npu t  format8 defined i r  given i n  ,action 7. Section 7.2 doocribeo 

the in te rpre ta t ion  of the matorial table  data requlred by BID. 

\ 
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Operation Subprogram: BIID, Generator of Structure Matrices 

Purpose: To read material tables and elemant data and ident i fy  element 
subroutine output and write on matrix tapee. 

Restrictione: 

(1) 

(2) 

The input tape must contain the material tables and element 
input data and be positioned t o  read the material tableo 

A l l  output matrices muot be wri t ten on tapes. 

(3) Only FACET elements can be treated.  

Method: The material tables are read from the input tape. Element data 
for  an element l o  read i n ,  data checked, data optionally pr inted Out, 
and t ransfer  made to the required generation subroutine. 
i s  repeated for  each element. 
correspond with the  element number. Tape aoeignments are consecutfve 
s t a r t i ng  from the i n i t i a l  assignment of the pseudo inst ruct ion and i n  
the order of A, B, C If common tapes are wed. 

This procedure 
Matrix numeric names are aseigned to  

# Usage: 

(1) 

(2) 

Calling sequence is CALL CHAIN (16, 3). 

This subprogram uses COINS and TAPES as subroutines. I n  addition 
i t  requires a subroutine for  each of the s t ruc tura l  types ldent i -  
f i ed  by the element data. 
available I s  FACET. 

The materials table must be ended with a blank card. Data for  a 
given material must ba grouped together and ordered by increasing 
temperature. Material table data is generally i n  E8.4 format. 
Two cards a re  required fo r  each temperature level. 
on these card6 is given the following interpretation: 

(%,A61 : The materia1 ident i f ica t ion  
(E8.4) : Temperature re la ted  to  the given properties 
(E8.4) : Coefficient of  thermal expansion, inches/inch degree 
6(E8.4): Dll, D21, D61, D66, material coeff ic iente ,  l b s / in  
g(E8.4): D31, D D33, D44, D54, DS5, D63, material coeff ic ients  

lbs/inq:' (second card) 

The only such subprogram currently 

(3) 

Information 

2 

Any of the data may be zero except the  material ident i f ica t ion ,  

Element input data must  include a t  l e a s t  two cards of data. 
Each ca rd ' i s  numbered in the f i r s t  column i n  Format I1 with a 
number from one to oix. The f i r s t  card of data fo r  an element 
must be numbered one and the l a s t ,  six.  
element need not be in sort. 
Format of the f i r s t  card l e  ( f l ,  2X, 13, 2X, 14, 312) 

(4) 

Other cards f o r  the 
Omitted data is asoumed t o  be zero. 
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A6, 4F6,O) 
D a t a  i a  given tha folbwlng interpretation: 

Fornut ef a l l  o thr r  cardm i o  ( f l ,  F5.0, llF6.0). 

Card Format - -  
1-6 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
3 
4-6 

('1 2) 
(12) 
(12) 

(F6.0) Q 

(F6 -0) 
(E6 -0 )  
(5F6 .O) 
(F5 .O , l lP6 .O) 
(F5 .O ,11F6 .O) 
(F5 .O , l lF6 .O) 

Data 

Card number 
E l  emen t number 
S t ructural  type 
Coordina t e  sys tea indicator  
Temperature ind ica t s r  
Pres tress indica t o r  
Material ident i f ica t ion  
Tempera ture  level 
Pressure level 
Weight level  
Geometric data 
Element temperatures and prestressas  
Element loca l  reference plane location dat8 
Element no& numbers and nodal coordinates 

- 

\ 

( 5 )  The absolute value of the psudo instruct ion E f i e l d  input 
defines the number ef elemento t o  be handled. I f  the number 
is negative, the material tables and element input are wri t tan 
an the output tape. Matrices w i l l  be generated only i f  a 
tape amignnant is given fo r  them in tho pseudo instruction. 

(6) An e r ro r  exit w i l l  occur i f  cards ara in Improper format o r  eor t .  

Ceding Information: 

(1) I f  new generator subroutines are to  be added, additional branches 
must be Provided in the form indicaticrd in the  c o d e a t  cards. 

9 
(2) Subprogram designation 18 (16, 0 ,  0 ,  e). 

\ 

I 
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6 . 1 FACET Subroutine 

The "rrtaneular facet" B I I 9  rubroutinr i s  t h r  only gener&tlon 

subroutine included presently. This subroutine i s  cal led FACET. It generates 

\ 

s t i f fnes s ,  stress, and loading matrix coeff ic ients  for  a thin f l a t  t r iangular  

element. It perfonas coordinate transformations required. The chief purpose 

of  t h i s  subprogram is  to provide the capabi l i ty  t o  analyze plate8 and shel ls .  

It  can be used to  approximate any s t ruc tura l  geometry, however. 

The following information concerns the par t icu lar  in te rpre ta t ion  of 

element input data by the FACET subroutine. 

i t i o n s  of input data are given i n  Section 7. 

General requirements and defin- 

1. 

2. 

3. 

4. 

5. 

6. 

'\ The "structural  type" number i s  3001 

"Pressure level": 

i n  pounds per oquare inch. 

"Weight level": < 0 weight i n  pounds per cubic inch 

Normal pressure i n  the local  pluo z direct ion 

> O  weight of facet  i n  pounds 

"Basic geometric data": Thickness of facet.  This occupies F ie ld  8 

i n  Table 7-2 and 7-3. 

Surface temperatures: The temperatures of the upper and lower 

surfaces i n  that  order. These two quant i t ies  occupy Fields  

1 and 2 respectively i n  Tables 7-2 and 7-3, 

The loca l  reference syotem is a rectangular Cartesian coordinate 

sys tern . 
Writeup of the FACET subroutine i s  given on the following pages. 

Section 7.3 contains a general writeup of the interpretat ion of element 

input  data. 

included i n  the SAS technical Bepor t. 

The theoret ical  baois f o r  the equations used i n  FACET are 

PHILCO WESTERN DEVELOPMENT LABORATORIES 
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BILD Subroutine: FACET 

Purpose: To qenerate and tape the s t i f f n e s s  
Xoading ytr ices  in  ceded format. 

I 

Res t ri c t ion s ! 

stress and/or 

(1) Adequate element data must be introduced te define 
a constant thicknesa f l a t  t r iangular  shell element . 

(2) Coordinate systems must be chosen to be censis tent  with 
the rest of the elements. 

Method: The FACET package consists of 17 subfunction routines 
cal led,  as required, by the FACET subroutine. These f i r s t  
generate the facet  natural  coordinates. 
t a n  the loading matrix coeff ic ients  and the r t i f fness .mat r ix  
coeff ic ients  a r e  generated. 
to transfarm to  the local coordinate system are then developed 
and the loading and s t i f fnes s  matrices transformed to t h i s  
system. 
and loca l  system are generated. 
transformed to  t h i s  system, coded, and wr i t ten  as the C3 
matrix. 
transformation matrix t o  put  the displacemento i n  the f i n a l  
coordina te sys ten. 
coeff ic ients  which convert the s t i f f n e s s  i n t o  the stress 
matrix are then calculated and the t rans  forma t ion performed. 
The stress matrix i s  wri t ten on tape as the B2 matrix. 
s t i f f n e s s  matrix i o  transformed to the f i n a l  coordinate 
system and wri t ten on tape as the A 1  matrix. 

I n  t h i s  coordinate syc- 

The coef f ic ien ts  of the matrix 

The transformation coefficient. r e l a t i n g  the f i n a l  
The loading matrix is than 

The s t i f f n e s s  matrix i r  postmultiplied by the 

I f  required, the t rans  forma t ion matrix 

The 

A l l  matrices are ident i f ied  by the alphabetic designation 
given on the B I D  pseudo instruct ion but are numbered 
to  correspond with the related element number. Matrices are 
stored i n  consecutive groups en the tapes designated on the 
BILD pseudo instruct ion.  
are developed i n  the Structural  Analysis Sy8tem Technical 

Equations used i n  the program 

Report. < .  

Usage : 

(1.) 
(2) 
(3) 

Calling sequence i s  CALL FACET 
This subroutine uses TAPES and COINS as subfunctions 
Element data required i s  contained on cards one and 
s ix .  Input on cards two and three m y  be used 
but any’data on cards feur and f ive  w i l l  be 
disregarded. 
A nonrecoverable errer w i l l  occur If the element 
data does not dofiue a facet. 

(4) 

PHILCO \ 
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Coding Information: 

(1) The purpose of each of the subfunction programs I s  as follow.: 

Subfunc t ion P U r p O S 8  

COR 

TRN 

LOD 

STF 

STR 

SFT 

PATH 

INVER 

ADM 

SAD 

SCA 

ADD 

M u L  

TABU 

MOD 

COES 

ADS 

Finds natural  coordinates and moments of i n e r t i a  

Formo trans forma ti on matrix from natural  t o  loca l  

and local  to f ina l  coordinate syoteme. 

Forms loading matrix coeff ic ients  i n  loca l  coordinates system 

Forms st i f fnaso matrix i n  natural  system 

Forma matrix to transform s t i f fnes r  to stress 

Transform s t i f fnes s  matrix to  f ina l  coordinate. 

Integrates edge loads to  define stress 

Inverts  a 3 x 3 matrix 

Relocates and adds 3 x 3's to form transformation matrices 

Forms a component of the s t i f fnes s  matrix 

Multiplierr  a 3 x 3 matrix by a ocalor 

Adds 3 x 3 matrices 

M u l t i p l i e s  3 x 3 matrices 

Interpolates in  the material tables for  element propert ies  

Modifies the transformation matrix for  loca l  coordinates 

Code0 and writes matrices on tape 

Stores 3 x 3 matrices i n  a 15 x 15 ar ray  

I 

\ 

1 PHILCO 

(2) 

(3) 

This subprogram uses  the DAT region for i ts  erasable storage. 

See the information on the following four pages. 
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TABLE 6-1 

\ TABU3 OF CODE 0 COMPONENT NUMBERS 
1 

Stiffness  Mapix Row/col~anr bde8;  
Stress Matrix Column Codes; Loading Matrix Row Codes 

IC t 
!I 

', I . 

. 1  . . .  

I 

Row/column code Component; Symbol Dascrip t ion 

1 '  F i r s t  1 x l  Displacement x-direction; f i r s t  node 

2 
Node Number 

I, Rota t ion about x-axis ; x l  2 '  I1 

t l  3 
4 I@ 

Displacement y-direction; 

Rotation about y-axis; ir 
Y l  

'...yl 

3 
4 I 

Displacement z-direction; 
wl 

21 

. 5  

6 

I1  5 

6* II Rotation about z-axis; I* 

Displacement x-direction; second node x2 

x2 

Y2 

Y2 

7 Second 1 .  

8 

9 

10 

Node Number 
Rotation about x-axis; It 2 

3 

4 '  . 

I1 

Displacamant of y-direction; I' 
I, 

Rotation about y-axis; I@ I b  

I1 11 

12* I) . 

Displacement e-direction I* w2 

e2 

5 

6 Rotation about z-axis; ir  

Displacement x-direction th i rd  node 

Rotation about x-axis I, 

Displacement y-direction; 

x3 

x3 

Y3 

Y 3  

w3 

13 Third 1 

2 14 

3 15 I1 

4 16 

5 

Node number 
I@ 

Rotation about y-axis tr I* 

Displacement z-direction I@ 
I* 17 \ 

Rotation about e-axio I, 

x3 I 
6 18- re 

"Stress matrix has an additional column (thermal s t ress )  with a code of 'zero and 
a component number 9. 

I 

*These rows a re  deleted i f  the node is considered i n  local  coordinates. 
t h i s  case a l l  following row numbers a r e  reduced by one. 
s t i f f n e s s  matrix may vary from 15 x 15 to 18 x 18, for  the stress matrix from 
8 x 16 to 8 x 19, and for  the loading matrix from 15 x 5 to 18 x 5 .  

In  
Dimensions for  the 

1 PHILCO 
. .. .- 
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ROW 

1 

2 

3 

4 

5 

6 

7 

8 

Code 

E l  emen t Number 

I t  

It 

I t  

IS 

I t  

II 

I t  

Column Code 

1 0 

2 0 

3 0 

4 0 

5 0 

TABU! OF CODE - COMPONENT NZMBEBS 

Stress Uatrix Row Codes 

Component Symbol 

1 f l l  

' d 2 2  

v-12 

5 1  

2 

3 

4 

5 M 

6 M 
22 

12 
V 
1 

7 

v2 8 

Description 

Normal force/length i n  x-direction 

y-direc t ion I* 

Shear forcc/length i n  xy-plane 

Bending mOmen t/ leng th about x-axis 

I* y-axis 

Twirting moment about xy-plane 

Shear force/length i n  ya-plane 

xz-plane 19 

TABU! OF CODX - COMPONENT NUMBERS 

Loading Matrix Column Codes 
\ 

Component Descrip t ion 

1 

2 

3 

4 Pressure loading i n  local  z direct ion 

5 Thermal loading 

Gravity loading applied i n  x direct ion 

y direct ion 

z direct ion 

I t  

ir 
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Coding Information: 

(1) The purpose of each of the subfunctton programs i s  as 
follows : 

Subfunc t ion _Purpose 

..’ 7 _. A 

STP 
STR 
SFT 
PATH 
INVER 
ADM 

SAD 
SCA 
ADD 
:,:‘a 
Ti% LE 
.:33 

Finds natural  coordinates and moments of 
l n e r t i a  
Forms transformation matrix from natural  
to local  and local to f ina l  coordinate systems. 
Forms loading matrix coeff ic ients  i n  
loca l  coordinates system 
Forms s t i f fness  matrix i n  natural  system 
Forms matrix to  transform s t i f f n e s s  t o  stress 
Transform s t i f fness  matrix to f i n a l  coordinat8s 
Integrates  edge loads to  define stress 
Inverts a 3 x 3 matrix 
Relocates and adds 3 x gis to form 
transformation matricea 
Forms a component of the s t i f f n e s s  matrix 
M u l t i p l i e s  a 3 x 3 matrix by a sca la r  
Adds 3 x 3 matrices’ 
M u l t i p l i e s  3 x 3 matrices 
Interpolates  i n  the material tables for  element properties 
Kodifies the transformation matrix fo r  loca l  
coo r dina t e8 
Codes and writes matrices on tape 
s t O r a P *  t r i - t s r r f P - r r - 3 ; k c l 5 - o c r o y -  

(2) This subprogram uses the DAT region f o r  its erasable storage. 
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7. Input Data 

This sect ion describes the four pr incipal  types of input data: 

pseudo instruct ions,  material tableo, element data, and matrix data. 

Heading cards form a f i f t h  type of input  but are described i n  Section 2.4 

and i n  Section 5 i n  the INKS writeup. 

a br ie f  explanation of pertinent FORTRAN folmats. 

This section i s  introduced with 

7.1 Explanation of FORTRAN Formate 

I (Intever) Format: The form IW spec i f ies  an tn teger  f i e l d  w 

columns wide, where "w" includes the d ig i t e ,  any blanks, and a otgn. The 

in teger  value i t s e l f  must be less than 32768. 

j u s t i f i e d ,  e.g., 4987 written i n  format 16 would appear asdh4987. 

The f i e l d  i s  always r i g h t  

F (External Fixed Point) Format:, The form Pw.d specifieo a 

decimal f i e l d  w columns wide, where W' includes a sign, the digi to ,  

a decimal point,  and any blank and "d" spec l f ies  the number of d i g i t s  

a f t e r  the assumed decimal point. When P format i s  used fo r  input the 

decimal point i s  optional. However, i f  i t  is  inser ted,  i t  overrides the 

"d" specification. Example: 

be punched as -2.376. 

I f  the input is F8.4 the number -2.376 could 

I n  t h i s  case the three place decimal overrides 

the d = 4 specif icat ions of the F f ie ld .  382 could be wri t ten as 

43820000 fo r  format F8.4 with the decimal omitted. 

I n  using an F format the s ize  of the output numbers must be known so 

that the "w" specif icat ion w i l l  encompass a t  l e a s t  the fnteger  portion of 

the number. Otherwise leading d ig i t s  will'be dropped. 
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E (Floatin? Point) Format: The form Ew.d spec i f ies  a f loa t ing  

point f i e l d  W co1umns w i d e ,  where 'Id' incluiies 8 sign, the d ig i t s ,  

decimal point ,  the exponent sign, the exponent, and any blanks. The "d" 

specif ies  the number of digits a f t e r  the decimal point,  not counting the 

exponent and i t s  sign. For input a decimal point i s  optional i n  the 

mantissa. 

E12.4, 

The exponent cannot exceed f38 i n  magnitude. 

to write E formats. 

I f  i t  is used i t  overrides the "d'' specification. Example: 

498.72 could be punched on the card a s  49672E-02 or  as 496.72E100. 

There are several  ways 

A FORTRAN manual* should be consulted to take 

advantage of several shortcuts available. 

A (Alphanumeric) Format: The form Aw spec i f ies  an alphanumeric 

f i e l d  w columns wide. The characterr, can be any of the characters 

acceptable to  the computer including blanks. This i s  the format used to 

read i n  header cards, matrix ident i f ica t ions  and Instruct ion names . 
X (Space) Formatt The form WX spec i f ies  a' f i e l d  of w spaces 

(blanks) wide . 

7.1 Pseudo Instruct ions 

Pseudo ins  true t ion form0 t , i n  tarpre  ta t ion and examples are 

described i n  Section 4. 

Daniel D ,  McCracken, "A Guide to FORTRAN Programming," John Wlley & Sons, * 
Inc. , New York. 

IBM Corpora tion 
"Reference Manual 709/7090 FORTRAN Programming System," C28-6054-2 
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7.2 Material Tables 

The material tablsr define tha mcrchanlcal propartias o f  a l l  

materials of in te res t .  When new materials are to  be considered they can be 

added to the tablo. The only l imitation on the nunber rblmatcrials that may 

be included is that the tabla can only involve a t o t a l  of 398 cardo. 

Most material table da ta  i r  entered as f loat ing decirP.1 input i n  

format E8.4. Two cards mu8t be entered for  each material. Data can be 

entered i n  the tabla for  a n  many temperatures as desired. For a given 

material ,  the cards must be sorted so that tamperatures increases from 

one pa i r  to the next. If data is required a t  a temperature not given 

i n  the tables, then BID wi l l  axtropolata or interpolate  the material 

propert ies  using l i nea r  interpolation and data for the two C l 0 0 8 8 t  

temperatures. I f  mataria1 propertien are given for  only one temperature 

and data is wanted a t  another temperature B I D  w i l l  use the material 

propert ies  for  the temperature appearing i n  the table. 

card is used to signify the end of the tabla. 

z e e a ,  
A s ingle  

This blank card io not 

included i n  the above l imitation of 398 cardo in the mataria1 table. 

Table 7.2 defines the format and interpretat ion of the two cards 

required for  each material entty. 

PHILCO 
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* il 

Card 

1 

- 

1 

1 
* I  

1 

2 

F ie ld  

1 

- 

2 

3 

4-9. 

1-7 

TABU 7-1 

MATERIAL TABUS INPUT DATA 
I - Form t I n  forma t lon  

Ab) The material ident i f ica t ion :  Each material 
rnuut have a unlqua iden t i f i ca t ion  number. 
It i e  recommended that rtan&rd SAE and 
A l u m h u m  Ausocia t lon numbere be used 
i n i e  f a r  a# porr ib le  . 

(Ea. ) Rankin temperature f o r  the given 
motarial propert ias .  

The m t a r i a l  r t i f f n e r o  coeff ic ientr  en te r  i n t o  tha r t reeo-etrain 

aquatione in accotdanca with tha aquatiens. 

D1l 

D21 D22 s m m c  

D31 D32 '33 

O O O D U  

O O O 054 Dss 

D61 D62 O63 D66 

These define a material with a t  l aao t  ona plana of  elastic symmetry 

( tha x-y plana) 

an or thotropic  matarial  ( thraa mutually orthogenal planas of symmetry) 

can ba dafined. 

I f  valwr of D61,  D62r D63, and D54 are auslgned zero 

'If, I n  addi t ion D44 - D55 - D66, D 1 1  - D22 - D33D - D 3 1  - D32 and DM - D11/2(t + D2l) an i r e t r o p i c  material i e  dascribed. 
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7.3 Elanent Data 

The purpore of the element data i r  to ident i fy  'the alement and 

define i tr  rtate and geometry. 

and a t  mort r i x  cards of  input per eleuant. 

f i r a t  and rixth.  The f i r r t  card contain8 control and ident i f ica t ion  &U. 

The s ix th  card define. the coordinate. of the f i r r t  three nodar of the element. 

The other card. define the local geoaatry, re la t ion  of overall g e m t r y  to 

the ovaral l  rectangular carterim coordinate ryrtem, rurface tsmp ra turer ,  

pre-otrarrer ,  and nodal coordinrter. 

fixed to handle the mort general element, a prIrm. The l a r t  e ight  columna 

of input may be ured by the operator for  ident i f ica t ion  of h l r  data. They 

are not  read o r  ured during the computatioar. 

f i r r t  and lart  rerpectlvely,  but card. two, three, four and f ive  cry be 

introducad i n  any order. 

Element data conr i r t r  of  a t  loart two car& 

The two required cardr are the 

The n d e r  of wor& i n  the input i r  

Car& o m  and r lx  murt be 

To mlnimite input, the ure t  i r  allowed to d t  card. two through mix. 

A l l  omitted valuer are arrumed to be sarod The f i r r t  elemant data card:. 

f o r  an e l m e n t  murt be card one and the lart  murt be'card r ix .  

card8 MO through f ive i r  famaterial. 

Sort  o f  

No machine check is ma& between block, of elanent data to insure data 

PQr an element, however, dnta i r  checked to make cer ta in  that 

This checking conrf r t r  of insuring 

consistency. 

a prac t ica l  r t ruc ture  i r  being defined. 

that quant i t ie r  ruch ar preintegrated geoamtry (ruch or thicknerr, moment of 

iner t ia , '  and c ror r  rectional area), rtate ident i f ica t ion  (ruch ar temperature 

and presrure level.), and rurface tamperature are por i t ive  entf tier and 

su f f i c i en t  non sero data l r  Included to define a r t ructure .  

4 PHILCO 
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The urer  may choore to introduce nodal coordinater i n  either a loca l  

o r  the overal l  coordinate 0yrt.m for  a given element. A l l  coordinater of 

the noder of each element murt be i n  the ume myatem. Which coordinate 

system i r  being ured i r  indicated by tho data i den t i ty  input on card 1. 

The option of defining element geometry riaqplffier input when a amber of 

elea~entr a r e  bundad or l ie  op coordinate aurfacea. 

The urer  may metimes choore, a t  each node, tho coordinate myrtem 

to which dirplacementr are to be referred.  Thio r impl i f ie r  imporing boundary 

constraint# rince nu l l  row. are d t t 8 d  from the r t i f f n e r s  matrfx. Since 

t h i r  of ten r e r u l t r  in fewor equrrtionr being h.ndl8d. wahine  time i r  reduced 

ar w e l l  . 
The userr option for  the dirplacemant coordinate oymtam i o  l imited fa 

two ways. 

displacemcmt coordinater a t  that node. 

overal l  coordinate ryrtem w i l l  wua l ly  be required. 

F i r r t l p ,  a l l  elementr m e t i n g  a t  a colm011 no& m u a t  ure  the ram8 

Thur, along a r t ruc tu ra l  fold,  th8 

Secondly, the displacement coordinate ryrtem choice and data depend on 

the coordinate rystam ured to define nodal coordinate.. 

coordinater are i n  the overal l  ryrtem, dirplacmmnt cocpaonentr w i l l  ba c a l m  

culated i n  t h i r  ryrtem and a local reference ryrtem i m  not rupplied. 

instead, the nodal coordfnater are  given in the loca l  ryrtem, a local  

Xf the nodal 

If, 

reference coordinate ryrtem i r  required. 

en t r  may be calculated i n  either the loca l  o r  overal l  ryrtem, depending on 

the rignr ured for  the nodal numberr. The negative rigned no& nunberr will 

have dirplacementr referred to the focal  coordinate ryrtem. Note that i n  

any event, the r t r e r r e r  a n  referred to a local coordinate ryrtm. 

xn th i r  care dirplacement coatpon- 
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7-7 

Nodal order i r  very farportant bec8ure it definer the poeitive normal 

to a plane. A l l  adjacent aluamtr murt have the s . w  pos i t ive  dfroction. 

Because of the csmplexity of  thir topic, nodal order, tha t*chnical Qc-nt 

should be consulted fo r  a detailed explanation of t h i r  point. 

. 

Table 7-2 definer element data parametots and t h e i r  f i e l d .  on the 

six cardr. 

other  than a facet. 

On card 'two extra  f ie ld8 ate a180 provided. On card five, d8t8 in f i e l d s  

9-12 w i l l  alwayr be ignored. 

reading when card r f x  i r  read. 

On card one f i e l d s  nine thru 12 are provided te handle goomattier 

A t  prerent f i e l d  alght 10 ured in thm PACBT subroutine. 

Tha computer i r  directed to stop elernent data 

Table 7-3 givee the interpretat ion of the parmater r  in Table 7-2. 

A l l  iterne which depend on *%tructural Type" are f u l l y  defined in  tho eub- 

routine wrfteupr under BXXD rubroutines. Ae stated bofore, FACXT i r  the 

only BIWD rubrouttn* prerent ly  included. 

Table 7-4 definer tho computer data foraut f o r  the parmotere  given 

In  Table 7-3. 

element input cardr. 

This tabla pmvlbr 811 th. lucerury  &ta f e r  punching 
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TABU 7-3 

ltrJhQiRFT DATA ~RPRSTATIOt4 

- Card Fie lg  Jn temre  ta tioq 

L C  1 1 A  Card Nrmrber, Cr 1-C-6 

1 1 B  Blamant Number, IS8 15 E 5 999 

1 2  Structural  Type** A porrftive four dfg i t  word. The upper d i g i t  
definar the nunber of nodar bounding tha element and the lower 
two, the ret of r t ructural  arrunptionr. 

1 3  D a t a  Identity:  A posit ive r i x  d i g i t  word, The upper two digit. 
define the coordinate ryrtem used for  input; the middle t w ~  
the temperature optfon; the lower two, the p r e r t n r r  option* 

botdiruteat )o, the overal l  rectangular u r t o r i a n  
O Y 8 t . I P  is ured for noder KO, a local  reference ryatem 18 being 
ured fo r  nodar. 

Temperature: 0 ,  omit tamperature rtrerr and force 
calcula t ionr 

<p, Include temperature rtrerr and forca 
calculation. 

0 ,  ami t prer  trerr calcula tionr 
f i ) ~  , i n c l u b  prer  t r r r a  catcula tioar 

Prer trerr : 

1 4  Haterial Identity:  A r i x  character word identifying the 
na tar ia l .  
tabler , 

Thir word murt have counterpart in the material  

1 9  Temperature &vel t The temperature a which material propert ies  
are required. 

Prerrrure k v e l r  
i n  popdr per inch o r  per  aquare inch dependfng on r t ruc tu ra l  
type , 

Weight Leva].: >O, weight of the element; - 0 ,  omit generation 
of weight vectorr;<O, weight i n  poundr per  inch, per,rquaro 
inch, or per cubic inch depending on r t ruc tura l  type. 

1 6  l o o l ~ l  pressure i n  the local plum L direct ion 

1 7  

;i 

Refer cs the rpecif ic  technical doctnrent and B I U )  rubroutine * 
' 3  . . .  writeup. 

a 1  

WESTERN DEVELOPMENT LABORATORIES 

. - -  _. - .- . ~- 



i 

Card Field -- 
1 

2 
2 

4-6 

'4-6 

' I  

PHILCO 

8-12 

1 8 ~ 9  

18,5,9 

2-4 ,' 
648 

10-12 

7-10 

Intatpra  ta t i oq  

Baric Geometric Data8 Porititre wordr. Intorprotat ion depend. 
on r t ruc tura i  typo,* 

Elamant State: Blement temperature differencor and i n i t i a l  
r t r a r r  valuer. n o  numbor of itom of u c h  typo dapendr on tho 
r truc t u t a l  type .+ 
Node Numborr; R: -4095 S N <4095, IJ 4 0 .  Negativo numberr 
indicate  we of the local coordinato ryrtaa ir derired a t  the 
nod.. The ordor i n  which nodal information appaarr on tho 
cardr determinor the or ientat ion of  the local axar. The 
intarprotat ion of tho order dapendr on tho rtructural typo. 

, '  
f l  

Nodal Cootdinaterr 
Ha t ing  of coordinator. h e r o  coordinater vi11 bo in tho 
ovorall  ryrtom i f  tho coordiueto idont i ty  (Card 1, f i o l d  3) 
i r  to r0  and in tho l o a 1  oy~tom othontiro. 

Coordinater a t  tho aodar proceding tho 

i 

Ihfor te t b  r p o a i f h  tochnhl doc-t and B I t D  rubroutin. * 
wri  toup 

. 

\ 

! *  
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Elmant  -or 

j Structural  Typo 

2-6 1 B  (=#m 
. I  

7-12' 2 (2X8f4) , * b,, 
1 

Coerdiaclto Syatom Indicator  

Tmperatura Indicator  Data 

I .  

Identity J \ 

13-14 3 (I* 

15-16 3 (12) 
* 1  

17-18 3 (12) Prer t roro Indicator  

19-24 4 (A6) Ma t o r i a l  Idont i ty  \ 

25-30 5 (P6 eo) ' Tampera turo Llvol 

31-36 6 (P6 00) Prorrure h v o l  

1 

37-42 7 @6 no) Waight hV.1 

I 
43-72 . 8-12 (IF6 eo) Coomottic Data 

.1-54 U-9 01, r580# 1116,O) Blement Tomperaturor and Pro- 
r t ra rees .  Show apocif ic  f o r u t  
for  facot boro. 

3 1-54 U-9 (It, P5*.O, 11t6t0) Elmeat &car Eaforonco Place 
' I rca t ion  Data 

Fia ld  1 2 3 4 5 6 7 8 9 
6061T6 5 3 5 M  0.906X-6 16Ei4 19E+6 41Et6 7&+6 3W6 12B+7 - 728+6 2lB+6 378+7 2E+6 l lE* 28E* 

8AXPU lEupIKIoT DATA 

1 2  3001 oooooo 6061T6 535 e 0  40 .O 1.0 0.25 

6 2  D 01 0 3 0 1 0  4 1 0 0  

I 
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7.4 Matrix Data 

Xatrix data format and in te rpre ta t ion  pro defined i n  

Section 5. usage writeup8 in the operation rubprogram BEU). Rowover, 

a few points of par t icu lar  iaportanco, ouch a8 formato end mrt, are 

considered here. 

There are two p e n ~ I ~ ~ i b l @  format), 

data is not one of there formats a card 

For a &ta i l ed  b..cripti&n o&' codod and 

2-40 . . ,  

Mdtrix data murt conform with rort 

coded and precodad. I f  matrlx 

reading rtop w i l l  urually occur. 

prrcodad fo&tr soe Section 

requirea~mtr .  Th4 idant i f iea t ion  

card must be the f i r r t  card. I f  tho amtrix l r  i n  coded format the rort 

must correspond to the rort d b s i g ~ t a d  on the ident i f ica t ion  card. The 

number of cardr must be tha MSO as defined on tho ident i f ica t ion  card. 

I f  the matrix i o  in precoded fornut i t  murt be in tho or&r defined on 

the ident i f ica t ion  card and a l l  m r o  term8 must be inaluded. The coder 

must tappeer f i r r t  followed by the mattiat elamentr. 

7.5 Deck Arrangement 

A problem deck is made up of threo coqonantr  and   me ti mar 

four. These cOmpOTIantr aror in i t ia t ing  program, pseudo in r t ruc t ionr ,  

description dam, and t~~etiOP.r matrix data. 
\ 
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The i n i t i a t i n g  program is an invar iaa t ,  It i o  a roXf-contained 

preprogramad peekago that r t a r t r  the SAS program. It awt be ore& a par t  

of every new problea and i t  nt8t be the f i r a t  component i n  a ptoblem deck. 
, 

The preudo ins t ruc t ionr  conr t i tu te  the rocond coaponent of a problem 

deck. They murt be made up according to the ru l e r  and formst. outl ined 

i n  Section 4, Tho l a a t  pseudo ia r t ruc t ion  m u t  bo 8 RAZX. 

Dercriptivr: data i r  the third c00q)onont. Descriptive &to include8 tho 

"material tabled'  and the **elameat &taw in  that ordor. Tho material table 

must have a t  least threo cards, t w o  data u r d 8  and one tero atop card. Tho 

parameterr of tho card8 and th. rrroci8ted tonut8 are given in &tail i n  

Section 7.2. The olanent data follow th8 material  tabla  in  tho problrm 

deck. The parawtor8  8nd tha fornrrrtr are g i n n  in dotail in Socrion '1.3 

Tho technical documclat for the BIXD rubpmgrcrP being coaaiderod rhould also 

be conrulted for addition81 per t inent  &tail@. 

The fourth canponent which 28 optional i@ th. matti% informution. 

Matrfx inforumtion c o n d r t r  of putfix &ta .nd h88ding c8rd8. H . t r i X  data i 

i 8  dercribod i n  Soction 7.4 and 3, Th. f i r r e  matrix &U c&rd m u 8 t  ba the  

iden t i f i ca t ion  card. h. huding car& caa csatain any CollJwnu tho 

analyst  dosiror. The7 mu8t b8 fa the @&a8 order 88 t h y  ora to be printad,  

Thore i r  no prac t iear  l f d t  te the amber of tzar&. 
\ 
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